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ABSTRACT 

The activities of the Psychometrlcs Department of TRACOR, 

Inc., under Contract No. F 19628-70-C-0182 fall into two major 

categories.  In the first category are research activities 

undertaken with the aim of developing improved methods for 

evaluating voice communication systems and devices.  In the 

second category are testing services performed with processed 

speech materials supplied by the contract monitor. 

The research activities included five major research pro- 

jects from which technical papers resulted. They are: 

"Diagnostic Approach to the Evaluation of Speech Intelli- 
gibility" 

"The Nature of Individual Differences in Diagnostic Rhyme 
Test Performance" 

"Speaker Effects on Intelligibility Test Results" 

"Structure of Phonemic Information in the Oral and Nasal 
Outputs" 

"Diagnostic Evaluation of Intelligibility of Present-Day 
Digital Vocoders" (Jointly authored by W. D. Voiers and 
C. P. Smith) 

These papers constitute Chapters 1-5 of this report.  A summary 

of activities constitutes Chapter 6.  The results of diagnostic 

intelligibility tests were forwarded to the contract monitor as 

they became available during the period of the contract. 
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CHAPTER 1 

DIAGNOSTIC APPROACH TO THE EVALUATION 

OF SPEECH INTELLIGIBILITY 

by 

William D. Voiers 
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PREFACE 

During the three years in which the Diagnostic Rhyme Test 

Form III was used for purposes of research and system evaluation, 

a mass of data bearing upon the intrinsic difficulty of indivi- 

dual test items was accumulated.  Examination of these data 

revealed various indications that variation in difficulty among 

items of a given type is, at least in part, of systematic origin. 

There were several indications that item difficulty 

varies with vowel context. More pronounced, however, were indi- 

cations that the apprehensibility of a given feature varies with 

the states of other features in the same phoneme. This phenomenon 

is termed an ipsative dependency to distinguish it frorr the types 

of transitive dependencies usually referred to ar coarticulation 

effects.  For example, of the items designed to test for the 

apprehensibility of voicing, those itens in which the critical 

phonemes are sustained (e.g. , /v/ and /f/) appeared to be more 

difficult generally than items in which the critical phonemes are 

interrupted (e.g., /b/ and /p/).  Among the items designed to test 

the apprehensibility of graveness, items which involved unvoiced 

critical phoneme pairs appeared under some conditions (e.g., 

noise-masked and low passed speech) to be more difficult than 

items Involving voiced paixs.  The reverse of this trend was 

observed, however, in the case of high passed speech, and there 
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were other  Instances of dependencies which appeared  to be   inter- 

active with the  transmission condition  involved. 

Such dependencies are cleatly of potential diagnostic  signi- 

ficance,   but while  they can be detected with Form  III of the DRT, 

their evaluation is,   in most  instances,   a rather cumbersone  pro- 

cess.     It was clearly desirable,  therefore,   to design a test, 

the structure of which would permit  relatively rigorous statis- 

tical evaluation of both  ipsative  and transitive dependencies. 

Accordingly,  modification of the DRT was undertaken to the  end 

of providing a  test  in which various dependencies  of both types 

would be  amenable  to routine  statistical evaluation.     The culmin- 

ation of  this  effort was  Diagnostic  Rhyme Test Form  IV  (DRT   IV), 

which  is  described  in the following  report. 



INTRODUCTION 

It is a matter of common observation that speech communica- 

tion -- more specifically, a listener's apprehension of a 

speaker's linguistic intent -- is essentially a dual process. 

One aspect of this process, the perceptual aspect, involves 

discriminations by the listener of various acoustical manifesta- 

tions of the speaker's intent.  The other, apperceptual, aspect 

involves inferences based on contextual or extra-stimulus infor- 

mation, i.e., on information from sources extrinsic to the imme- 

diate acoustical correlates of the speaker's intent.  Thus the 

listener's uncertainty with regard to a speaker's intent may he 

reduced by such factors as his knowledge of the structure of the 

language involved;1,? his knowledge of the circumstances occasion- 

ing and the purposes motivating the communication;  his familiar- 

ity with dialectal and idiolectal characteristics of the speaker; 

and his knowledge of the immediate past history of the speech 

signal. 

Both the perceptual and the apperceptual aspects of the 

speech apprehension process are legitimate subjects of scientific 

interest.  For most scientific purposes, however, it is essential 

that they be subject to independent experimental control.  Clearly, 

it is essential that contextual effects be controlled in listening 

tests conducted to evaluate the intrinsic characteristics of a 

4 



transmission channel or medium as well as In experiments concerned 

with certain aspects ol the processes of speech production and 

perception.  To the extent that a listener's responses In the 

testing situation are dependent to an unknown degree upon con- 

textual information, his performance necessarily provides an im- 

perfect reflection of the entity or process under evaluation. 

Although cognizance of this issue is at least implicit in the 

designs of most speech reception tests in use today, a number of 

problems remain.  These problems become particularly acute, more- 

over. In those instances where some form of "diagnostic" scoring 

is to be attempted, i.e., where significance is to be attributed 

not only to the number, but also to the types of errors committed 

by the listener. 

Among the more formidable problems complicating the design 

and use of speech reception tests is the problem of controlling 

the effects of the listener's familiarity with the test material^ 

used, and a variety of procedures have been devised to cope with 

it.  In the case of the Harvard Phonetically Balanced (PB) Test, 

for example, the recommended procedure for controlling familiarity 

involves an extensive regimen of training, terminated on evidence 

that the effects of familiarity have reached an asymptotic state. 

This approach to the problem serves, among other things, to limit 

the circumstances in which use of the "PB" test is practical. 

More crucial, however, are its potential effects on the validity 
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of results obtained with the test. 

Familiarization training serves most immediately to alter the 

general level of difficulty of the listener's task, and thus to 

obscure any relationship between the "real world" and the testing 

situation that might be claimed on the basis of absolute level of 

difficulty. Additionally, however, familiarization training may 

effect qualitative changes in the listener's task and thus in the 

implications of his performance. This possibility derives fron 

the fact that the various discriminations required of the listen- 

er in the course of recognizing a speech sound are not of intrin- 

sirally equal difficulty.  As shown by Miller and Nicely,  for 

example, some discriminations are accomplished with virtually 

perfect reliability, even under conditions of extreme signal im- 

poverishment.  Others are accomplished with significantly less 

than perfect reliability under the best of conditions, and may 

become prohibitively difficult under conditions of signal impover- 

ishment.  In view of these considerations, it would seem to be an 

extremely tenuous assumption that the facilitative effects of 

familiarization training are exerted equally on all aspects of 

the speech discrimination task.  The alternative possibility is 

hat familiarization training facilitates listener performance 

primarily in the nore difficult aspects of the speech discrimina- 

tion task.  Effectively, therefore, it may desensitize the test 

primarily with respect to the acoustic speech features most cru- 

cial to the communication process and, perhaps, most vulnerable 
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to common forms of signal Impoverishment.  In any case, the Inter- 

phonemic constraints characteristic of the "PB" and similar word 

recognition tests preclude any type of qualitative or "diagnostic" 

evaluation of listener errors.  Such constraints hopelessly con- 

found the effects of contextual factors with effects attributable 

to the characteristics of the entity under test. 

Testing procedures in which stimulus uncertainty is limited 

to a single phoneme (as In the Fairbanks Rhyme Test ), and parti- 

cularly where the listener's response options are explicitly 

specified (as in the Modified Rhyme Test  and the Phonemlcally 

10 
Balanced Rhyme Test  ), substantially reduce the effects of 

familiarity upon listener performance.  However, restriction of 

the listener's reponse options, whether implicit or explicit, may 

complicate the interpretation of test results in other ways, 

particularly if significance is to be attributed to the type as 

well as to the number of errors committed by the listener.  To 

restrict the listener's response options in an arbitrary or unsys- 

tematic manner may be to substitute one set of unknown contextual 

constraints for another, such that stimulus effects upon the type 

of error committed become confounded with contextual effects. 

The crucial point here is that the discriminations required of a 

listener in identifying a complex stimulus are determined not by 

the characteristics of the stimulus as regarded in isolation, but 

rather by the characteristics that distinguish the stimulus from 
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what Che listener conceives to be the set of possible stinuli In 

a given instance. Thus, to constrain the listener's options in 

an unsystematic manner is possibly to deny hin opportunities for 

providing information concerning the discriininability of certain 

speech features. This, in turn, may serve to desensitize a 

speech reception test with respect to specific deficiencies of 

the communication system, speaker, or listener being tested. 

The hazards of restricted response sets can be minimized by 

means of carefully designed test items, particularly where the 

differences between the correct and incorrect response options are 

in some sense univocal.  For example, in the ensemble: 

bee    pea    vee    dee    me, 

each permissible, erroneous response differs from the correct 

response, "bee," by a single "distinctive feature." Tests composed 

of such items could be quite effective in circumstances where the 

individual listener does not experience repeated exposure to the 

test materials. 

Problems arise, however, where it is desirable to have differ- 

ent, but equivalent randomizations of multiple choice test mater- 

ials.  If, for example, "pea" were the stimulus word in the above 

ensemble, "unidimensional" differences between correct and in- 

correct options would no longer obtain.  Only "bee" differs nini- 

mally and unidimensionally from the stimulus word, while other 

options differ by two or more "distinctive features." The struc- 
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ture of a test composed of such items would thus tend to vary 

somewhat with different randomizations of the test materials and 

to greatly complicate the mechanics of both gross and diagnostic 

scoring. 

From the foregoing it is evident that the multiple choice 

approach, in general, has certain limitations as well as intrin- 

sic advantages. Many of these limitations can be overcome by 

recourse to thd special case of two-choice testing procedures. 

With such procedures, erroneous responses can, but for the effects 

of chance, be attributed unequivocally to the characteristics of 

the entity under test.  Because of the inherent redundancy of 

the speech signal, however, phonemic confusion data do not ordin- 

arily suffice for exact specification of deficiencies of the 

system or other entity under test.  Rather, a phonemic confusion 

implies a deficiency in the encoding, transmission or discrimina- 

tion of one or more acoustical speech features, the precise num- 

ber and nature of which cannot be specified without additional 

information. 

Given this circumstance, it is clearly desirable at least to 

minimize uncertainty as to the feature or features involved. 

The means to this end is provided by a phonemic taxonomy broadly 

patterned after the distinctive feature systems of Jacobson, Fant 

and Halle,11 Miller and Nicely,18 and De Lattre.   Such a taxo- 

nomy provides a basis for the construction of a two-choice test 



10 

where the correctness of the listener's response to a given item 

Is criterial -- depending on the design and purposes of the in- 

vestigation --of the effective fidelity with which a speaker 

articulates, a system transmits, or the listener himself can dis- 

criminate the states of a limited set, or cluster, of inter- 

correlated, information-bearing, acoustical features.  Data 

yielded by such a test can serve to sharply delimit the possible 

sources of deficiency or malfunction in an entity under test, and 

may serve in conjunction with other information to identify, pre- 

cisely, source of malfunction or deficiency. 

The Diagnostic Rhyme Test (DRT), in all of its versions, was 

designed on the basis of the foregoing considerations.  According- 

ly, it is a two-choice test in which each item Involves two 

rhyming words, the initial consonants of which differ by a single 

phonemic attribute or feature. The listener's task is simply to 

Judge which of the two words has been spoken, indicating, in 

effect, that he has or has not apprehended the speaker's intent 

with respect to the state of a particular phonemic attribute. 

In addition to the theoretical advantages that can be realized 

with a two-choice approach, there are some significant practical 

advantages. Among them are:  (1.) economy of testing time and 

materials, in that the use of minimally contrasting word pairs 

serves to exclude excessively easy and, hence, effectively non- 

functional items; (2.) minimal requirements with regard to lis- 
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tener selection and training  (previous experience with the  test 

materials can serve to facilitate  listener performance only with 

respect to a particular randomization of the test materials); 

(3.)  adaptability to both manual and computer scoring schemes; 

(4.)   ease with which structurally equivalent randomizations can 

be generated. 

Table  1 presents  the  phonemic  taxonomy used as a  basis  for 

the design of the DRT,   in which the six dimensions:   voicing. 

nasality,   sustention,   sibilation.  graveness.  and compactness 

are  represented.    No provision  is made to test apprehensibility 

of "vowel   likeness," but constraints are observed  in  item con- 

struction to prevent covariation of this attribute with any of the 

above. 

The articulatory and acoustical correlates of the  phonemic 

attributes   (or their equivalents  in other classification systems) 

with which the DRT is concerned are extensively described  in the 
14 

recent literature.  Only the more important of these are indi- 

cated in Table 2.  In accordance with the principle that consonant 

phonemes carry the bulk of the useful information in speech, and 

are also most susceptible to degradation, the scope of the DRT, 

like the Fairbanks Rhyme Test and its derivatives, is concerned 

only with the apprehensibility of consonants.  Also like the FRT, 

the DRT treats only the case of consonant apprehension in the 

initial position.  Although it is recognized that consonants tray 
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be differentially perceptible in the initial,  intervocalic and 

terminal  positions,  the features  involved are assumed to be 

equally represented in all positions. 
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THE DIAGNOSTIC RHYME TEST (DRT) 

Structure of the DRT 

The Diagnostic Rhyme Test (DRT) is more properly described 

In terms of a set of principles for Item construction and selec- 

tion than In terms of a specific corpus of test materials.  Thus, 

the corpus of 96 rhyming word pairs shown In Table 3 constitutes 

only one realization of such principles, but takes Into account 

the results of various experimental Investigations conducted with 

earlier versions of the DRT.  The gross structure of the test Is 

evident In the table, where the Items In each block of seven are 

arranged according to the attribute Involved. The order Is as 

follows: 

1. Voicing 

2. Nasality 

3. Sustention 

4. Slbllatlon 

5. Graveness 

6. Compactness 

7. Filler Item (to be used for research 
purposes, etc.) 

The positive state (e.g., grave) of each attribute Is repre- 

sented In the left member of each pair; the negative state (e.g., 

acute) Is represented In the right member of each pair. 

The apprehensibility of each attribute Is tested In each of 
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TABLE 3.  Speech Materials Used In Form IV of the Diagnostic Rhyme Test 

99.* VEAL-FEEL 
107. MEAT-BEAT 
59. VEE-BEE 
67. ZEE-THEE 
19. WEED-REED 
27. YIELD-WIELD 
35.**    

43. BEAN-PEEN 
51. NEED-DEED 
3. SHEET-CHEAT 

11. CHEEP-KEEP 
75. PEAK-TEAK 
83. KEY-TEA 
91.**    

50. ZOO-SUE 106 DUNE-TUNE 
2, MOOT-BOOT 

66. FOO-POOH 
74. JUICE-GOOSE 
82. MOON-NOON 
34. COOP-POOP 
98.**    

58.   NEWS-DUES 
10.  SHOES-CHOOSE 
18.   CHEW-COO 
26.   POOL-TOOL 
90.    YOU-RUE 
42.**    

71. 
79. 
31. 
95. 
47. 
55. 
7.** 

GIN-CHIN 
MITT-BIT 
VILL-BILL 
JILT-GILT 

BID-DID 
HIT-FIT 

15. 
23. 
87. 
39. 

103. 
111. 
63.** 

DINT-TINT 22. 
NIP-DIP 30. 

THICK-TICK 38. 
SING-THING 46. 

FIN-THIN 110. 
GILL-DILL 6. 

VOLE-FOAL 
MOAN-BONE 

THOSE-DOZE 
JOE-GO 

BOWL-DOLE 

78. GOAT-COAT 
86. NOTE-DOTE 
94. THOUGH-DOUGH 

102. SOLE-THOLE 
54. FORE-THOR 

GHOST-BOAST      62 SHOW-SO 
70.** 14. ** 

8. 
72. 
80. 
32. 
40. 

104. 
56.** 

ZED-SAID 
MEND-BEND 
THEN-DEN 
JEST-GUEST 

MET-NET 
KEG-PEG 

64. 
16, 
24. 
88. 
96, 
48. 

112.** 

DENSE-TENSE 
NECK-DECK 

FENCE-PENCE 
CHAIR-CARE 

PENT-TENT 
YEN-WREN 

57. VAULT-FAULT         1. 
65. MOSS-BOSS           9. 
17. THONG-TONG         73. 
81. JAWS-GAUZE      25. 
33. FOUGHT-THOUGHT 89. 
97.   YAWL-WALL 
49.**    

DAUNT-TAUNT 
GNAW-DAW 
SHAW-CHAW 
SAW-THAW 

BONG-DONG 
41. CAUGHT-TAUGHT 
105.**     

36. VAST-FAST 
44.   MAD-BAD 
52. THAN-DAN 
4.   JAB-GAB 
12. BANK-DANK 
76.   GAT-BAT 
84.**    

92. GAFF-CALF 
100.   NAB-DAB 
108. SHAD-CHAD 
60. SANK-THANK 
68.   FAD-THAD 
20. SHAG-SAG 
28.**    

85. JOCK-CHOCK 
93. MOM-BOMB 

101. VON-BON 
109. JOT-GOT 
61. WAD-ROD 
69. HOP-FOP 
21.**    

29. BOND-POND 
37. KNOCK-DOCK 
45. VOX-BOX 
53. CHOP-COP 
5. POT-TOT 

13. GOT-DOT 
77.**    

* Numbers to the left of each pair indicate the position of the item in 
each block of 112 items on the listeners' answer sheet. 

** Filler items.  The manner in which these spaces are filled is at the 
option of the experimenter. Among other things, they may be used for 
testing experimental items. 
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ei^ht vowel contexts.    This Involves two vowels from each 

"quadrant" of  the vowel articulation diagram.     Thus the  four upper 

left blocks of Table 3  involve high,   front  vowels, whereas  those 

in the four upper right blocks  involve high,  back vowels.     The 

low,   front  vowels are represented  in the  four  lower left  blocks, 

while the  low,  back vowels are represented  in the lower right 

blocks.     No central vowels are used  ir the DRT. 

There are  two grossly equivalent  items   (e.g.,  hean-peen and 

veal-feel)  designed to test for the apprehensibility of each attri- 

bute  in each vowel context,  which redundancy serves, among other 

things,   to  facilitate various  tests  of the reliability or  consis- 

tency of  listener performance over  the course of a testing session 

Either member of each pair may be  chosen as   the stimulus  word  in 

a given  instance without changing  the  function of the  iterr quali- 

tatively.     Choice of stimulus wyrd affects  only the polarity of 

the test  provided by the item. 

It  is  perhaps  apparent from the  table  that insufficient 

latitude exists  to permit any degree of selectivity on the basis 

of frequency of word occurrence  in speech or printed matter. 

However,  results  such as those of Pollack,  Rubinstein and  Decker 

suggest  that frequency of use influences  the perceptibility of 

complex stimuli  primarily,   if not  only,   a-j  it  provides a basis 

for the  listener's expectation concerning  the occurrence of  the 

stimulus.     Where other,  more explicit,  bases  for expectation are 
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available   -- as  they are  In the case  of the  DRT --  frequency of 

use may reasonably be expected to have  little or no influence on 

listener response,   particularly,  perhaps,  where the  listener  is 

required,   in effect,   simply  to discriminate a specific aspect of 

the total  stimulus event,  rather than  to "recognize" the stimulus. 

It may also be  noted by reference to Tables 2 and 3 that 

there are some minor exceptions to the rule of "unidimensional 

difference" between members of each word pair.     This results  from 

the fact  that all compact items are here classified indifferently 

with respect     to graveness  (rather  than positively,  as  in Halle's 

taxonomy). Thus,   while the phonemes ccmprlsing the pairs   /k-p/, 

/g-b/,   /k-t/,   /g-d/,   etc.,  differ  primarily with respect  to com- 

pactness,   they might  be considered  to differ  secondarily in  terms 

of graveness   in  that   the  first member  of each  pair has a  neutral 

or  indeterminate status with respect   to  the   latter attribute, 

while the  second member of each pair has a  positive or negative 

status.     In  terms  of  the  taxonomy  in Table  2,   there are,   in other 

words,  no  phoneme  pairs  whose members  are distinguished purely on 

the basis  of compactness.     However,   adoption of Halle's  system, 

whatever  its  merits   in  this application,  would  restrict  the  avail- 

able phoneme  pairs  to  those  Involving  the  "back-front" opposition. 

Data on phonemic confusability (e.g..   Miller and Nicely)       suggest 

that  the solution proposed here  tends   to conform most nearly with 

the  facts  of phonemic  perception.     Some experimental justification 
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for this course of action is also provided by results to the 

effect that the apprehensibility of compactness, as measured by 

such items, is quite differently affected by various forms of 

signal impoverishment than is graveness. 

In recognition of experimental evidence that the acoustical 

correlates of the state of a given attribute may not be equally 

apprehensible in every instance of its manifestation, nor equally 

vulnerable to all forms of signal impoverishment, various addi- 

tional constraints were imposed in assembling the corpus shown 

in Table 3.  Among the more important of these are: 

1. In one-half the items designed to test for the appre- 

hensibility of voicing, both critical phonemes involve 

friction; in the other half, friction is absent.  Balance 

between the upper and lower and between the front and back 

halves of the vowel space is maintained with respect to 

these three taxonomic dimensions as well as to graveness 

and compactness. 

2. Half of the nasality items in each vowel context lie in 

the "grave plane," i.e., involve grave phoneme pairs; half 

are in the acute plane.  All, of course, lie at the inter- 

section of the voiced, interrupted, unsibilated, and diffuse 

planes. 

3. Half of the items designed to test for the apprehensibi- 

lity of sustention lie in the voiced plane; half in the un- 

voiced.  This dichotomy is not preserved within each vowel 
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context, due to the constraints Inherent in the language, 

but each quadrant of the vowel space is balanced in this 

respect. 

4. Half of the sibilation items in each vowel context lie 

in the voiced plane; half lie in the unvoiced.  But for the 

pair ZEE-THEE, there is perfect symmetry of halves of the 

vowel space. 

5. In the case of graveness. items were selected such that, 

for each vowel environment, one item lies in the voiced 

plane, one in the unvoiced; one lies in the sustained plane, 

one in the interrupted. 

6. In addition to the constraints previously noted with 

respect to compactness, items were selected such that, for 

each quadrant of the vowel space, one item lies in the 

vowel-like plane and one item lies in the sibilated plane. 

All combinations of the states of voicing and sustention are 

given equal representation in each quadrant of the vowel 

plane. 

With minor exceptions, the two halves of the vowel space, 

partitioned horizontally or vertically, involve identical phoneme 

pairs for testing the apprehensibility of any attribute. 

Preparation of Stimulus Materials 

The first steps in the preparation of test speech materials 

involve the determination of sequential arrangements of items and 
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the selection of a stimulus word from each Item. Assuming that 

adequate precautions are made to counterbalance the effects of 

fatigue, "warm up," etc., there are no theoretical bases for 

favoring one Item order over another. Nor, for that matter, is 

there any compelling reason for using more than one order.  It 

has proved useful, from a practical standpoint, to order the test 

Items so that the apprehensibility of each attribute is tested 

once with every seventh Item, as well as to  vary the vowel con- 

text such that the eight vowels are cycled every eight Items. 

One ordering yielded by this procedure Is Indicated by the numbers 

to the left of the Items In Table 3, and It Is suggested that this 

ordering be Incorporated as a standard of T)RT  testing procedure, 

except where special circumstances may dictate otherwise. 

For general testing purposes, the list of test items is 

cycled four times ("normal administration"), one stimulus word 

being selected from each item or word pair on each cycle, to yield 

a total of 448 stimulus words (Including 64 experimental words). 

Depending on the design of the listener's answer sheet, additional 

"filler items" may be used to absorb the effects of distraction or 

delay occasioned by page changes, etc. A typical answer sheet is 

shown in Figure 1.  The first Item in each column is a filler item, 

as are the eighth and every seventh Item thereafter. 

Selection of the stimulus word from each pair can be effec- 

tively random in each Instance but for the requirement that each 
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PEST 

VAULT 

DUES 

VEE 

THANK 

ROD 

SO 

LID 

DENSE 

BOSS 

FOO 

ZEE 

FAD 

HOP 

ROW 

GIN 

BEND 

CHAW 

JUICE 

PEAK 

BAT 

ROCK 

GOAT 

MIT 

THEN 

GAUZE 

NOON 

KEY 

RAMP 

TEST 

FAULT 

NEWS 

BEE 

SANK 

WAD 

SHOW 

RID 

TENSE 

MOSS 

POOH 

THEE 

THAD 

FOP 

LOW 

CHIN 

MEND 

SHAW 

GOOSE 

TEAK 

GAT 

LOCK 

COAT 

BIT 

DEN 

JAWS 

MOON 

TEA 

LAMP 

FAN 

CHOCK 

NOTE 

TICK 

CARE 

DONG 

YOU 

REEK 

GAFF 

BOMB 

DOUGH 

GILT 

PENT 

YAWL 

LOOT 

VEAL 

NAB 

BON 

SOLE 

THIN 

KEG 

LONG 

TUNE 

MEAT 

SHAD 

GOT 

DOLE 

DILI. 

LEND 

PAN 

JOCK 

DOTE 

THICK 

CHAIR 

BONG 

RUE 

LEAK 

CALF 

MOM 

THOUGH 

JILT 

TENT 

WALL 

ROOT 

FEEL 

DAB 

VON 

THOLE 

FIN 

PEG 

WRONG 

DUNE 

BEAT 

CHAD 

JOT 

BOWL 

GILL 

REND 

Fig. 1.  Specimen DRT Answer Sheet 
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stimulus word occur twice in the course of the administration and, 

thus, that each state of each attribute be represented an equal 

number of times in each vowel context.  It is of some advantage 

to require on occasion that the two halves of a normal adminis- 

tration be at least "balanced," i.e., that each state of each 

attribute be given equal representations in each vowel context 

in each half of the test.  These constraints serve to partition 

the test into two identically equivalent halves and grossly 

equivalent quarters and thus provide some opportunity for evaluat- 

ing the consistency of the listener's performance during the course 

of a test. 

Recording of Stimulus Materials 

For purposes of equipment or system evaluation, the test 

words are normally recorded without a carrier phrase at a rate of 

one word per 1.3 - 1.5 seconds.  Rates of this order have been 

found (Cohen)  to yield higher scores and smaller standard errors 

than faster or slower rates, and of course make somewhat more 

efficient use of testing time than do the rates normally used 

with various of the more conventional tests of consonant appre- 

hensibility. When the purpose of the test is to evaluate the 

listener (particularly with very young or handicapped listeners), 

slower rates of stimulus presentation may be used. 

An additional time interval is provided between answer sheets 

to give listeners ample time to turn from one sheet to the next. 
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A "filler" item is also recorded at the place corresponding to the 

top of each column on the listener's answer sheet to provide fur- 

ther insulation against any distraction that might be occasioned 

by spatial disparities between successive items on the listener's 

answer sheet. 

No attempt is made to achieve a uniform level from one test 

word to the next, but an attempt is made to establish a fixed 

recording level which will yield an average vowel peak value of 

•2 VU.  On completion of the editing process, averaged vowel 

peak values are then used as a basis for setting the level of a 

1 KHz calibration tone which is recorded at the beginning of each 

tape. 

Speakers normally require some amount of practice to achieve 

uniform, rhythmic delivery in synchrony with a timing light. 

They are instructed only to "speak in a normal, conversational 

manner -- avoid over-enunciation." The rhyming option of each 

stimulus word is shown next to the stimulus word on the speaker's 

script in order to minimize ambiguity in pronunciation.  Subject 

to the results of research in progress, it may prove feasible to 

coach the speaker in various ways to achieve a more "normal" 

manner of enunciation as defined by his "diagnostic profile" 

under various transmission conditions. 

Selection of Speakers 

The problem of speaker selection for purposes of evaluating 
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equipment or listener characteristics is yet to find a generally 

satisfactory solution.  The hazards associated with arbitrary 

selection of single speakers are evident from the literature. 

It is unlikely, however, that the use of two or three haphazardly 

selected speakers is sufficient to assure the generality of re- 

sults, whereas practical considerations often preclude the use 

of substantially larger numbers of speakers.  Until all of the 

relevant speaker variables have been identified, the problem of 

speaker selection can be dealt with only in a tentative and, 

necessarily, somewhat arbitrary manner. 

In one attempt to devise a means of selecting a "typical 

voice," a semantic differential-type voice rating form was used 

to select from a pool of 32 speakers one voice which was judged 

most nearly neutral with respect to a set of four perceived 

voice traits (PVT's) as described by Voiers.1* 

Subsequently, it has appeared that the DRT itself is sensi- 

tive in a number of dimensions to differences among speakers and 

may thus provide an effective means of selecting speakers of de- 

sired characteristics. 

Selection and Training of Listeners 

A crew of eight, minimally trained listeners has been found 

sufficient for most purposes of equipment evaluation with the 

DRT, although a smaller crew may suffice, depending on the level 

of precision desired. Crews of eight listeners typically yield 
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standard errors on the order of 17c (adjusted for chance) over most 

of the range of possible scores.  However, slightly larger values 

obtain toward the lower end of the intelligibility scale.  Because 

the text exhibits a degree of listener sensitivity, however, care 

should be exercised in selecting listeners for tests conducted to 

evaluate speakers or communications equipment.  Clinically normal 

hearing below 6,000 Hz is desirable.  Standards based on perfor- 

mance on the DRT itself have been found useful for purposes of 

equipment evaluation. 

Administration of the Test 

The use of "live" test presentation procedures tends to be 

somewhat impractical for most purposes, and the use of pre-recorded 

materials, as described above, is thus to be preferred in general. 

For routine purposes of system evaluation, an average vowel peak 

level of approximately 72 dB SPL (flat plate) appears to be most 

satisfactory. 

Listeners are instructed simply to strike out the member of 

each word pair that they perceive to be the stimulus word.  It is 

stressed that there are no "right answers" other than those dic- 

tated by the listener's perceptions of the stimulus words. 

Scoring the Diagnostic Rhyme Test 

DRT response data can be scored in a diversity of ways, de- 

pending upon the interests of the investigator. Generally, how- 

ever, greatest interest will attach to the six major "diagnostic" 
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scores, each constituting an indicant of the ?ross apprehensi- 

bility of the speaker's intent with respect to a given attribute. 

It is possible, in addition, to fractionate each of the major 

diagnostic scores into various components (e.g., to obtain separ- 

ate scores for the apprehensibility of sustention in the voiced 

and unvoiced planes; voicing in the frictional - non-frictional 

planes; nasality in different vowel contexts, and so on). 

Separate scores for the apprehensibility of each state of 

each attribute are likely to be of interest in that some experi- 

mental variables may affect the apprehensibility of the two 

staffs of some attributes in an asymmetrical manner.  The result- 

ing discrepancy between listener scores for the two states of an 

attribute is termed bias.  It is measured simply as the difference 

between the percent (adjusted for chance) of the time listeners 

correctly apprehend the positive state (e.g., voiced) of an attri- 

bute and the percent of the time they correctly apprehend the 

negative state (e.g., unvoiced). 

Finally, a total score, representing the average of the six 

major diagnostic scores is likely to be of interest in many appli- 

cations.  Research with previous versions of the DRT has shown 

that such scores are generally equivalent, numerically, to scores 

yielded by the Fairbanks Rhyme Test, but there is some indication 

80 
(Voiers et aU ) that the DRT is sensitive to certain types of 

deficiencies not reflected in FRT scores. 
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In principle, at least, DRT results lend themselves to 

expression in terms of signal detection theory or information 

theory.  However, a somewhat simpler approach to the scoring 

problem provides a solution which is probably adequate for most 

practical purposes and also most consistent with prevailing con- 

ventions.  It involves the familiar correction for guessing, 

accomplished by means of the following formula: 

c . 100 (R - W) 
S        (T) 

where S is the "true" percent-correct responses, R is the ob- 

served number of correct responses, W is the observed number of 

incorrect responses, and T is the total number of items involved. 

This correction is applied to all DRT scores, including the gross 

or total score. 

Manual scoring of the DRT through the use of templates is 

quite feasible where the investigator is concerned only with ob- 

taining a gross score and perhaps the six major diagnostic scores. 

However, computer scoring not only facilitates this process, 

particularly where multiple scramblings of the test materials are 

Involved, but also provides easy access to a wealth of other 

potentially useful data. Among these are separate tallies of 

individual listener errors in the apprehension of each state of 

each attribute; error counts for Individual items; and total 

errors per subject for various subdivisions of the test.  This 

last serves, in light of the systematic redundancy of the DRT, to 
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provide a powerful check on Che state of alertness of individual 

listeners over the course of the test and for keypunching errors 

during the transcription of test data for computer analysis.  A 

specimen printout for one scoring scheme is shown in Fig. 2. 

Validity of the Diagnostic Rhyme Test 

It is not possible within the scope of this report to treat 

all aspects of the issue of the validity of the DRT, but it is 

appropriate at least to address the major issue regarding the 

validity of the DRT and the concepts on which it is based. Ob- 

viously, the value of the DRT would be greatly restricted if it 

proved insensitive to qualitative differences in the effects of 

different forms of speech signal impoverishment.  It has, in fact, 

proven highly sensitive to such differences and yielded results 

consistent with known facts of acoustic phonemics.  Fig. 2 thus 

serves to illustrate the diversity of diagnostic patterns yielded 

with seme common forms of speech degradation.  Represented in the 

figure are speech high passed at 4 KHz, low passed at 800 Hz, and 

noise masked with a S/N ratio of + 3dB. Also represented are the 

averaged scores for a sample of present-day digital vocoders.70 

All data represents averages for two administrations of the 

DRT for each of six male speakers. A crew of eight male listen- 

ers was used.  There are important similarities and differences 

among the results for the four conditions. They show, for one 
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thing, that the sustained-interrupted and grave-acute distinctions 

tend rather generally to be most difficult and most susceptible 

Co speech impoverishment.  Voicing and nasality, on the other 

hand, retain a high level of apprehensibility under most condi- 

tions of signal Impoverishment,  Voicing does not, however, remain 

equally apprehensible under all conditions and is predictably, 

perhaps, relatively more apprehensible under low pass than high 

pass conditions. 

Particular interest possibly attaches to the comparison of 

results for noise masked and low passed speech.  As many investi- 

gators have noted, band limited Gaussian noise has the effect of 

hü'h frequency attenuation due to the relatively low level of 

speech energy in the higher frequencies of the speech spectrum. 

The diagnostic patterns found here to characterize the two cases 

are in fact quite similar in most respects.  They are readily 

differentiated, however, on the basis of the sibilation scale of 

the DRT.  Predictably, low pass filtering greatly reduces the 

apprehensibility of sibilation.  Less predictably, however, 

noise has relatively little Impact upon the apprehensibility of 

this attribute, in spite of the fact that noise is itself the 

major acoustical correlate of the attribute.  Differences between 

the diagnostic patterns for high passed and low passed speech 

are of a generally predictable character.  Their similarities in 

terms of graveness are also predictable in that the ranges of the 
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second and third fonn«,nCs were largely excluded by both pass 

bands. 

The  foregoing results attest to one aspect of the validity 

of the DRT,   its  sensitivity to qualitation differences   in the 

characteristics of transmission channels  or media.    Various 

other aspects of this  issue will be dealt with in forthcoming 

reports. 
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CHAPTER 2 

THE NATURE OF INDIVIDUAL DIFFERENCES 

IN DIAGNOSTIC RHYME TEST PERFORMANCE 

by 

William D.   Voiers  and Alan D.   Sharpiey 
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INTRODUCTION 

Sampling error associated with listeners is a perennial 

problem for the investigator who uses the response of human 

listeners to evaluate the performance of speech communication 

and processing equipment.  The precision of such evaluations, 

and in turn the power of statistical tests performed in conjunc- 

tion with them, varies inversely with degree of inter-listener 

variation.  Thus methods of controlling inter-listener variation, 

whether by statistical or experimental means, offer possibilities 

for enhancing the precision or reliability of intelligibility 

test results.  However, the development of such methods pre- 

supposes some understanding of the ~ igin and nature, as well as 

the degree, of inter-individual variation in speech discrimina- 

tion ability. 

The effects upon speech perception of individual differences 

associated with pathology have been extensively investigated. 

Generally, major emphasis has been upon the degree rather than 

the nature of the discriminative deficiencies associated with 

various pathological conditions.  In one case, however, the Diag- 

nostic Rhyme Test was used to investigate the effects of pathology 

upon specific speech discrimination abilities, and provided some 

valuable insights.'  This investigation revealed quite clearly 

that the effects of sensori-neural hearing impairment on speech 

37 
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discrimination performance are of a 1 ighly specific rather than 

general character.  Depending upon degree and nature of hearing 

impairment, different aspects of speech discrimination perform- 

ance are affected.  Within the clinical population, at least, 

speech discrimination ability is not a unidimensional entity. 

The nature of inter-individual differences in speech dis- 

crimination ability in the normal hearing population is yet to 

be extensively investigated.  However, the results of an investi- 

gation by Elliott et^ al.8 throws some light on the issue.  These 

investigators employed factor analytic techniques in an attempt 

to identify the correlates of verbal recognition ability as 

measured by the Fairbanks Rhymi» Test.  They found performance 

on the Fairbanks test to be correlated with individual differ- 

ences on both auditory and "non-auditory" tests.  Among the "non- 

auditory" correlates of Rhyme Test performance were ; vocabulary 

test performance, word fluency.  In both cases correlations with 

performance on the Fiarbanks Rhyme Test were positive.  Auditory 

discrimination measures that correlated significantly with Fair- 

banks Rhyme Test performance were absolute thresholds for pure 

tones and difference thresholds for tonal duration, frequency and 

intensity. Unexpectedly, however, the correlations between Rhyme 

Test scores and absolute threshold measures were negative, which 

fact implies that hearing loss (at least over the range involved) 

is associated with superior performance on the Fairbanks Rhyme 



39 

Test.     Of  the seven factors  revealed by the  factor analysis,   the 

Fairbanks Rhyme Test exhibited substantial loadings  on  five, 

including a factor defined primarily by measures of  intellectual 

aptitude. 

Given that speech discrimination ability as measured by 

the Fairbanks Rhyme Test has  such a diversity of antecedents, 

the question arises as  to whether speech discrimination  involves 

a single ability or a number of independent abilities.     Is  it in 

fact a single,  global ability,  or a congeries of more elementary 

abilities.     Because of the diversity of measures  it yields,   the 

Diagnostic Rhyme Test  is eminently adapted to the purpose of 

resolving this  issue.    Accordingly,  a factor analytic   investiga- 

tion of individual differences  in Diagnostic Rhyme Test perform- 

ance was undertaken. 
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METHOD AND MATERIALS 

Subjects 

Subjects  for this  investigation were  72 male college  students 

from the University of Texas,  all of whom were born and raised in 

the United States.    Their ages range from 17  - 36.     They were 

paid at the rate of $2.00/hr.   to participate  in this and related 

investigations. 

Speaker 

A single,  male  speaker   (RD) recorded all of the  speech 

materials   in this  investigation.     He was selected on  the basis 

of research results which revealed him to have a  highly typical 

DRT diagnostic  score pattern under a diversity of transmission 

conditions. 

Test  Materials 

Subjects were administered the  following tests   in random 

groups of eight: 

1. Diagnostic Rhyme Test  III  (nine administrations,  differ- 

ent randomizations,   the  first  two of which yielded data used in 

this   investigation). 

2. Fairbanks Rhyme Test   (five administrations,   different 

randomizations,  the  first  two of which yielded data used in this 

investigation). 

3. Cooperative English Test  - Form IB -  I   (A  four-choice 
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test of English vocabulary). 

4. Cooperative English Test - Form 1A - I (A four-choice 

test for the effectiveness of English expression). 

5. Wide Range Vocabulary Test (A five-choice test of Eng- 

lish vocabulary). 

6. Word Productiveness Test (A test of the ability to pro- 

duce words with common initial consonants -- j, g, b, h). 

7. Pure Tone Audiometric Tests (Two administrations, Rud- 

rrose ARJ-4A Bekesy recording audiometer; audiometric data for 

each subject's "best ear" were used in the analysis.  The "best 

ear" was selected on the basis of lower total loss across the 

five frequencies tested). 

8. Minnesota Multiphasic Personality Inventory (A series 

of preliminary analyses failed to reveal any significant person- 

ality correlates of speech discrimination performance.  Accord- 

ingly, data from this test are not treated in the present investi- 

gation) . 

Scores for each subject on 17 variables were obtained with 

the test materials described above.  Data on these variables 

were then used for purposes of a factor analytic examination of 

individual differences in speech discrimination.  The variables 

treated in the analysis were: 

1. DRT - Total Diagnostic Rhyme Test (DRT) percentage score* 

2. VOIC - Score on the Voicing sub-test of the DRT* 
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3. NAR'   -  Score  on  the Nasalit/ sub-test  of the  DRT* 

4. SUST - Score on the Sustention sub-test of the DRT* 

5. SIBI   - Score on the Sibllatlon sub-test of the  DRT* 

6. GRAV  - Score on the Graveness  sub-test of the  DRT* 

7. CMPT -  Score on the Compactness sub-test of the  DRT^ 

8. FRT - Fairbanks Rhyme  Test percentage score* 

9. VOCB - Cooperative English Test  (vocabulary)   percentage 

score 

10. EFCT - Cooperative English Test (effectiveness) percent- 

age score 

11. WRVT - Wide Range Vocabulary Test percentage score 

12. WPT - Word Productiveness Test - average number of 

words produced for four initial consonants 

13. IK - Hearing loss (dB re ISO-1964 standards) at 1000 Hz* 

14. 2K - Hearing loss at 2000 Hz* 

15. 3K - Hearing loss at 3000 Hz* 

16. 4K - Hearing loss at 4000 Hz* 

17. 6K - Hearing loss at 6000 Hz* 

*Average score for two administrations 
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RFSULTS AND DISCUSSION 

The matrix of product-moment correlations among the seventeen 

variables under investigation is presented in Table 4.  Coeffi- 

cients of reliability are shown in the cells of the major diag- 

onal axis.  Several aspects of these results merit comment, for 

example, the correlation between FRT and total DRT score which, 

though positive, is negligible.  Evidently the two tests t^p 

somewhat different aspects of speech discrimination ability, and 

only VOIC and SIBL exhibit significant (p<.01) correlation with 

the FRT.  Negligible correlations obtain for the cases of all 

other DRT sub-tests. 

It is also noteworthy that no measure of speech discrimina- 

tion ability exhibits a significant positive correlation with any 

measure of auditory sensitivity.  In fact, the only correlations 

which approach statistical significance are of negative sign. 

However, in contrast with the results of Elliott et aK , 

all correlations between measures of auditory sensitivity and 

FRT performance are in the positive direction, though of negligi- 

ble magnitude. 

Various other aspects of Table 4 would merit discussion, but 

the issues on which they bear are brought into somewhat clearer 

focus by means of factor analysis.  Factor analysis of the corre- 

lation matrix in Table 4 yielded seven orthogonal factors which 

accounted for 93 percent of the systematic variations among 
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listeners.     Rotation  of axis   to a   varlmax  criterion  of simple 

structure   yie'ded   the  pattern of   loadings   shown   in  Table   5, 

Factor   1   is  defined by  the  various  measures  of  verbal   apti- 

tude.     No   other  variables have  significant   loadings  on  this 

factor. 

Factor   II   is  defined by measures  of auditory sensitivity. 

N-»  other   variables   have  significant   loadings   on  this   factor. 

Although Elliott e_t  a_L   observed  negative  correlations between 

measures  of  auditory  sensitivity and Fairbanks  Rhyme  Test   scores. 

no  such  relation   is   indicated here.     Nor   is   there any  indication 

that  DRT performance  depends   to any deg*ee   on  auditory sensitivity 

to pure  tone  stimuli,   at  least within  the range  of auditory  sensi- 

tivity cnaracte'istic  of this  sanple  of   listeners.     As noted 

earlier,   however,   the  DRT  is   sensitive   to  auditory deficiencies 

of pathological magnitude. 

Factor   III   is  defined primarily by  the  DRT sub-test  for  the 

apprehensibility of sustention.     Several  other variables  have 

appreciable   loadings  on this  factor,  but  the  FRT would appear  to 

be   insensitive  to   this  dimension  of  inter-individual  variation. 

Several   variables  contribute   to  the definition of  Factor   IV. 

They  include  the  Fairbanks  Rhyme  Test,   the  Wide  Range Vocabulary 

Test  scores,   and  scores  for  the  two  DRT attributes,   voicing  and 

sibilation.     The   loading of WRVT  indicates  a  positive  relation- 

ship between verbal  ability  (as measured by  vocabulary)  and 
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TABLE   5.     Factorial  Structure   of   Seventeen  Listener Variables 

I II III IV V VI VII 

DRT .06 -.08 .49 .29 -.02 .25 .63 

VOIC .15 -.15 -.05 .40 -.17 .22 .29 

NASL -.03 .01 -.02 .00 .01 .08 .49 

SUST .04 -.08 .81 -.01 .12 .02 .06 

SIBL -.12 -.05 -.04 .47 .16 .30 .39 

GRAV .11 .03 .21 -.04 -.04 -.07 .61 

CMPT .03 .08 .27 -.06 -.17 .14 . 13 

I'RT .13 .10 .00 .75 .01 -.09 -.12 

VOCB .90 .05 .00 .11 -.09 .16 .07 

EFCT .92 -.05 -.03 -.11 .01 .01 .02 

WRVT .74 -.02 .24 .40 .01 .17 . 10 

WPT .25 -.05 .15 .05 .02 .85 .09 

IK .07 .89 .11 .03 -.10 -.02 .03 

2K -.11 .88 .15 -.06 -.01 -.04 -.08 

3K .02 .79 -.15 .03 .32 -.06 .11 

4K .01 .77 -.20 -.03 .32 .00 -.08 

6K -.04 .37 .06 .01 .85 .03 .03 
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scores on the FRT, which finding is generally consistent with the 

results of Elliott £t aK  The loading of VOIC is in line with 

previous observations concerning the structure of the FRT, 

but the SIBL loading was somewhat surprising, since one 

possible deficiency of the FRT is the negligible demand it makes 

upon the listener with respect to this attribute of consonant 

phonemes.4 

WPT defines Factor VI, and several DRT variables exhibit 

substantial loadings on this factor.  The FRT, however, has a 

negligible loading.  Possibly this factor relates to some aspect 

of perceptual motor speed or test-taking skill.  The rapid pace 

at which listeners must work in taking the DRT (one response 

every 1.4 seconds) might thus account for the loadings exhibited 

by various DRT variables.  A question arises, however, as to why 

the FRT, which involves the same stimulus presentation rate, does 

not exhibit a high loading.  The answer to this question is not 

clear, but one possibility derives from the fact that all listen- 

ers were given extensive exposure to the DRT before taking the 

FRT.  Possibly, therefore, they were more nearly habituated to 

the time pressures involved by the time they took the FRT. 

Factor VII evidently represents a dimension of speech dis- 

crimination skill in that the total DRT score and three of its 

components -- nasality, sibilatior and graveness -- have sub- 

stantial loadings on this factor.  The slightly negative loading 
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for FRT is somewhat puzzling, but can probably b-? attributed to 

chance. 

From the foregoing it is evident that at least three inde- 

pendent factors (III, IV and VII) contribute to listener varia- 

tion  in speech discrimination performance.  The first of these 

(defined by SUST) appears to be related to the ability to dis- 

criminate characteristics of the speech envelope while the second 

appears to involve the ability to detect the presence and character 

of noise.  The third appears to involve the ability to discrimin- 

ate the characteristics and relationship of the first three 

formants.  Other dimensions might have emerged but for the fact 

that all speech materials were presented under high fidelity 

conditions, which circumstance may have operated to minimize 

inter-listener variation in potentially significant dimensions 

of discriminative ability. 

It appears that the FRT is a relatively unitary measure, 

loading substantially on only a single factor.  Conceivably, 

therefore, it fails to tap certain aspects of the speech discrim- 

ination task.  The DRT, on the other hand, has fairly high load- 

ings on all factory involving speech discrimination, and would 

thus appear to provide a more comprehensive measure of the ade- 

quacy of a listener's discriminative capacity. 

Clearly, additional research will be required to resolve the 

issue completely, but the results of this investigation strongly 
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suggest that speech perception involves more than one dimension 

of inter-individual variation in discriminative capacity. This 

suggestion has obvious implications for the development of pro- 

cedures for selecting operational communication personnel as 

well as listeners to be used in the research and testing situa- 

tions. 
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SPEAKER EFFECTS ON INTELLIGIBILITY 

TEST RESULTS 

THE PROBLEM 

The possible effects of a speaker's idlosyncracles upon 

the results of Intelligibility tests conducted to evaluate com- 

munications equipment has long been a matter of concern to inves- 

tigators in the field of speech communication.  But while it is 

clear that speaker effects exist, the nature of these effects 

has not been extensively investigated. 

The distinction between general effects and interactive 

effects is particularly important in this context.  To the ex- 

tent that differences among speakers tend to remain constant 

across transmission conditions or situations, the speaker effect 

involves a general component.  To the extent that speaker differ- 

ences vary from one transmission condition to the next, the 

speaker effect involves an interactive component. 

The obvious practical consequence of any type of speaker 

effect is that, normally, systems evaluated with one speaker 

cannot be directly compared to systems evaluated with a differ- 

ent speaker.  However, the possibility may exist of independently 

evaluating general differences among speakers and in turn ad- 

justing results obtained with individual speakers in such a way 

as to render them comparable. 
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To the extent that speaker idicsyncracies are interactive 

with transmission conditions (i.e., to the extent that differ- 

ent systems may respond to different voices in different ways) 

system comparisons involving different speakers are potentially 

invalid.  Control of such effects is, moreover, difficult to 

accomplish by means other than those involving the use of large 

samples of speakers. 

In addition to the effects of gross differences in speaker 

Intelligibility, general and interactive, there exists the pos- 

sibility that speakers differ systematically in terms of the 

apprehenslbiIlly of specific speech features,  thus speakers 

who yield comparable treasures of gross intelligibility under a 

given conditior may nevertheless be characterized by qualitative 

differences in intelligibility, i.e., the discriminability of 

certain speech features may vary from one speaker to the next. 

Such effects have obvious implications for the technology of 

diagnostic intelligibility testing. 

A comprehensive treatment of the issues raised here is 

beyond the scope of the present project.  However, various 

results obtained in the course of the project provide some in- 

sights regarding them.  The results of two experiments, in 

particular, are relevant in this connection. 

EXPERIMENT I 

Methods and Materials 

Speakers.  Twelve male speakers, selected primarily on the 
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basis of availability, were used in this investigation. 

Their ages ranged from 20 to 45. 

Listening Crew.  The listening crew was composed of eight 

males between the ages of 18 and 24. All members of the 

crew had extensive experience with the Diagnostic Rhyme 

Test. 

Test Materials.  The Diagnostic Rhyme Test (Form III) was 

used for purposes of this investigation. 

Test Conditions.  Diagnostic Rhyme Test materials as re- 

corded by each of the twelve speakers were presented to the 

listening crew under a diversity of transmission conditions 

Five of these were selected for the illustrative purposes 

of this investigation.  They included: 

1. Undegraded speech 

2. Low passed (400 Hz) speech 

3. High passed (3 KHz) speech 

4. Noise masked (-lOdB S/N) 

5. Digitally vocoded (1200 bps) 

The level of the speech signal, prior to processing,  was 

approximately 72 dB SPL in the first four conditions.  The 

vocoded speech was presented to listeners at this same 

level.  All tests were conducted in partitioned IAC rooms. 

The test materials were presented diotically over TDH-39 

earphones mounted in Rudmose Otocups. 
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Results 

The analyses of results reported here are addressed to 

the following Issues: 

1. Consistency across conditions of speaker order with 

respect to gross intelligibility- 

2. Consistency across test conditions of diagnostic 

score patterns of individual speakers. 

DRT total scores for the twelve speakers were ranked for each 

of the five test conditions.  The results are presented in 

Table 6. 

TABLE 6. Ranked DRT Scores of Twelve Speakers Under Five 
Transmission Conditions 

Transmission Conditions 

Speaker Undegraded High-Pass    Low-Pass        Noise Vocoded 

A 8 11                     6                     7 7 

B 12 1                    12                     8 12 

C 6 8                      5                    6 6 

D 9 12                     3                   11 3 

E 3 10                     4                    4 9 

F 4 3                     2                     1 8 

G 10 5                    10                   10 10 

H 11 7                     7                     9 4 

I 7 6                      8                    5 5 

J 2 4                     9                    3 2 

K 1 2                     1                    2 1 

L 5 9                   11                   12 11 
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It is evident from the table that, while speaker ranks under 

the various conditions are by no means perfectly intercorre- 

lated, a high degree of intercorrelatlon exists.  Generally, 

speakers who rank high under one condition tend to maintain 

similar ranks under other conditions.  The most notable excep- 

tion occurs in the case of speaker B.  Ranked below average 

on all other conditions, he achieves the top rank in the case 

of high passed speech.  The reasons for this inversion are 

not evident.  The fact that speaker B's voice is the highest 

pitched in this sample is of possible interest.  There is, 

however, no indication otherwise that high-pitched voices 

are more intelligible under high pass conditions. 

Table 7 presents the correlations among speaker ranks for 

the five test conditions involved here. 

TABLE 7.  Correlations (a) Among Ranked DRT Total Scores of 
Twelve Speakers for Five Transmission Conditions. 

Condition Undegraded High-Pass Low-Pass Noise Vocoded. 

Undegraded -- 

High-Pass .10 -- 

Low-Pass .48 -.16 -- 

Noise .68 .47 .53 -- 

Vocoded .37 -.02 .54 .36 -- 

It is evident from the table that speaker ranks are not equally 

predictable from any one condition to another, although the size 

of the sample involved here permits only the most tentative 
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conclusions. 

Clearly,   intelligibility measures obtained under conditions 

involving high-passed speech are of  little valup  in predicting 

a speaker's relative  level of  intelÜKtbility under other 

transmission conditions.     However,   the   level of predictability 

among the  various other conditions examined here is at   least 

more  than negligible in all  instances and relatively high  in 

several.     In particular,  a speaker's relative  intelligibility 

under high fidelity conditions correlates quite well   (.68) 

with his relative  level under noisy conditions.    More gener- 

ally,  however,   it must be concluded  that speaker characteris- 

tics  are  interactive with channel characteristics and  thus 

that  the  results  of system conparlsons   involving a  single 

speaker may   be of questionable validity. 

In  addition  to the  issue of gross quantitative differences 

among speakers,   there  is also  the  issue of qualitative differ- 

ences.     To what extent do speakers differ,   for example,   in 

terns  of diagnostic score patterns?    Are such differences 

general  In nature or Interactive with  transmission conditions? 

To  throw some   light on this   issue,   diagnostic scores  yielded 

by the  twelve speakers discussed above were examined under the 

same  five  transmission conditions. 

For  this  purpose diagnostic  data  for each transmission con- 

dition were adjusted to remove  the effects of speaker differ- 
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ences in total DRT score.  Data so adjusted were then analyzed 

to obtain for each speaker an average deviation score, i.e., 

the average of the absolute differences between his adjusted 

scores on DRT sub-tests and the average score of the group on 

corresponding sub-tests. The average so obtained thus represented 

for each speaker an indicant of conformity (or nonconformity) 

with the group under a given transmission condition. 

The question then arises as to what extent speakers who 

yield deviant patterns under one condition tend also to 

yield deviant patterns under others.  Table 8 presents results 

which bear upon this question. 

TABLE 8.  Ranked Deviation Scores of Twelve Speakers and Five 
Transmission Conditions.1 

Transmission Conditions 
Speaker Undegraded High-Pass Low-Pass   Noise Vocoded 

A 11 12        6       11 9 

B 1 2        4       12 1 

C 3 9        11        8 12 

D 7 1        3        1.5 6 

E 4 4        5        3 5 

F 5 3        2        4.5 10 

G 10 6        7        6 7 

H 8 10        9       10 4 

I 9 5       10        9 11 

J 12 11       12        7 8 

K 2 8        1        4.5 3 

L 6 7        8        1.5 2 

Higher ranks denote smaller deviation scores, i.e.. a rank of 
"1" identifies the speaker with the most typical diagnostic 
pattern under a given transmission condition. 
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rroni the table it Is evident that speakers wh > yield typical 

diagnostic score patterns under one test condition tend rather 

strongly to yield typical patterns under other conditions, but 

pronounced exceptions to this tendency are evident.  Speaker R, 

for example, yields highly typical diagnostic score patterns 

under four conditions.  In the case of noise-masked speech, how- 

ever, his pattern is the most deviant of the grout''. 

Table 9 shows the correlations among ranked deviation scores 

for the five tranmission conditions. 

TABLE 9.  Correlations ( ) Among Pattern Deviation Scores of 
Twelve Speakers for Five Transmission Conditions 

(' mdition Undegraded Hi ;h-Pas8 Low-Pass Noise Vocoded 

Undegraded -- 

High-Pass .47 -- 

Low-Pass .51 .55 -- 

Noise . 13 .37 .32 -- 

Vocoded .39 .21 .39 .16 1 
In general, the values of the coefficients of correlation are 

sonewhat higher than those in Table 7, suggesting that individual 

speakers tend more strongly to maintain their diagnostic score 

patterns from one condition to the next than to maintain their 

relative level of gross intelligibility.  Correlations among 

speaker ranks are far from perfect, however. 

It is clear, therefore, that speaker differences in overall 

intelligibility and in diagnostic score patterns are interactive 

with channel or transmission conditions, and that comparative test 
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results obtained with a single speaker may not he generalized 

with a high degree of confidence to the population of speakers 

at large.  It shoul ■ 'e stressed, however, that the present inves- 

tigation involved comparisons among extremely diverse types of 

transmission conditions.  Such diversity is unlikely to be en- 

countered in practical testing situations.  Rather, the systems 

or transmission conditions typically subjected to comparative 

evaluation are likely to involve relatively similar types and 

degrees of speech degradation.  The question arises, therefore, 

as to the practical implications of speaker x system interaction. 

Thi^ scop*» of the present effort does not permit a comprehensive 

investigation of this issue, but data obtained in the course of 

the project throw some light on the issue.  They are presented 

and discussed in the following investigation. 

EXPERIMENT II 

Methods and Materials 

Speakers.  Six .nale speakers, selected on the basis of 

availability, dialectal characterstics, or pitch frequency 

were used in this investigation.  Two of the six speakers 

were judged by a listening crew to have voices of higher 

than average pitch, while two were judged to have voices of 

lower than average piicii, and t'.o were judged to have voices 

of average pitch for male speakers. 

Listening Crew.  The listening crew was composed of eight 
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males between the ages of 18 and 24.  All members of the 

crew had extensive experience with the Diagnostic Rhyme 

Test. 

Test Materials.  Recordings of DRT IV were used for purposes 

of this investigation.  Each speaker made four recordings 

of the DRT IV test words.  One recording by each speaker 

was then randomly selected and assembled into one of four 

six-speaker test tapes. 

Test Conditions.  One randomly selected six-speaker tape 

was played through each of thirteen modern digital speech 

communication systems and the output speech recorded.  Out- 

put recordings were then presented to the listening crew. 

Results and Discussion 

The analysis of results was addressed to the issue of the 

consistency of system differences across speakers.  The results 

of this analysis are presented graphically in Fig. 4.  In the 

figure, total DRT scores, averaged for six speakers, are plotted 

against the total DRT scores for individual speakers. 

Two aspects of the plots are of interest.  First is the 

slope of the regression line for each speaker; second is the 

dispersion of points about each regression line.  With regard to 

the first aspect, it is clear that speakers vary somewhat in terms 

of absolute sensitivity to the type(s) of degradation involved. 

Other things equal, speakers BV, JE and SN are somewhat more 
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sensitive  Co system differences  than speakers   RD,   Cll and  BL. 

With regard to consistency of results,  however,   the situation 

is  so«iewhat different.     Deviations  from the   Indicated regression 

line tend to be smaller for BV,  RD and CH than for the other 

speakers, which results have  Important practical  implications. 

Specifically,   it would appear that results  for  these speakers con- 

form most nearly  (but  for scale factor differences)  to  the results 

for the combined speakers.     Under circumstances which do not 

warrant  or permit  the use of multiple speakers,   BV,   RD or CH would 

be  the  speakers  of choice.     With appropriate  adjustments  for 

scale  factors,  data  obtained  from these  speakers could be used  to 

predict  the average  scores   that would  be  obtained  for  the entire 

group of speakers.     Table  10 is designed  to  Implement  this  proce- 

dure.    Presented in the table are equivalent group averages  for 

individual DRT IV scores yielded by each of  the  six speakers. 

It would appear,   from the alove results,   that speaker x 

system  interactive  effects,  while rather  pronounced under extreme 

laboratory conditions,  may be of relatively minor consequence  in 

the practical  testing  situation  -- particularly in the case of 

tests performed to compare generally sirrilar devices  or systems. 

It  is perhaps desirable,  however,   to use multiple speakers when- 

ever  feasible and,   moreover,   to select  the  speaker(s)  used on 

the basis  of some  such criteria as pattern deviation  scores 

obtained under various,   representative  transmission conditions. 
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TABLE 10. 

BV 

Equivalencies Between DRT IV Total Scores for Individual 
Speakers and DRT IV Total Scores as Averaged for Six 
Speakers. 

AVER RD AVER 

100.000 97.300 
95.000 93.410 
90.000 89.520 
85.000 85.630 
80.000 81.740 
75.000 77.850 
70.000 73.960 
65.000 70.070 
60.000 66.180 
55.000 62.290 
50.000 58.400 
45.000 54.510 
40.000 50.620 
35.000 46.730 
30.000 42.840 
25.000 38.950 
20.000 35.060 
15.000 31.170 
10.000 27.380 
5.000 23.390 

.000 19.500 

CH AVER 

100.000 100.600 
95.000 94.600 
90.000 88.600 
85.000 82.600 
80.000 76.600 
75.000 70.600 
70.000 64.600 
65.000 58.600 
60.000 52.600 
55.000 46.600 
50.000 40.600 
45.000 34.600 
40.000 28.600 
35.000 22.600 
30.000 16.600 
25.000 10.600 
20.000 4.600 
15.000 -1.400 
10.000 -7.400 
5.000 -13.400 

.000 -19.400 

100.000 98.000 
95.000 92.650 
90.000 87.300 
85.000 81.950 
80.000 76.600 
75.000 71.250 
70.000 65.900 
65.000 60.550 
60.000 55.200 
55.000 49.850 
50.000 44.500 
45.000 39.150 
40,000 33.800 
35.000 28.450 
30.000 23.100 
25.000 17.750 
20.000 12.400 
15.000 7,050 
10.000 1.700 
5.000 -3.650 

.000 -9.000 

BL AVER 

100.000 101.600 
95.000 97.015 
90.000 92.430 
85.000 87.845 
80.000 83.260 
75.000 78.675 
70.000 74.090 
65.000 69.505 
60.000 64.920 
55.000 60.335 
50.000 55.750 
45.000 51.165 
40.000 46.580 
35.000 41.995 
30.000 37.410 
25.000 32.825 
20.000 28.240 
15.000 23.655 
10.000 19.070 
5.000 14.485 

.000 9.900 

JE 

i00.000 
95.000 
90.000 
85.000 
80.000 
75.000 
70.000 
65.000 
60.000 
55.000 
50.000 
45.000 
40.000 
35.000 
30.000 
25.000 
20.000 
15.000 
10.000 
5.000 
.000 

SN 

100.000 
95.000 
90.000 
85.000 
80.000 
75.000 
70.000 
65.000 
60.000 
55.000 
50.000 
45.000 
40.000 
35.000 
30.000 
25.000 
20.000 
15.000 
10.000 
5.000 
.000 

AVER 

97.000 
92.500 
88.000 
83.5C0 
79.000 
74.500 
70.000 
65.500 
61.000 
56.500 
52.000 
47.500 
43.000 
38.500 
34.000 
29.S00 
25.000 
20.500 
16.000 
11.500 
7.000 

AVER 

102.790 
97.290 
91.790 
86.290 
80.790 
75.290 
69.790 
64.290 
58.790 
53.290 
47.790 
42.290 
36.790 
31.290 
25.790 
20.290 
14.790 
9.290 
3.790 

-1.710 
-7.210 
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CHAPTER 4 

STRUCTURE OF PHONEMIC  INFORMATION 

IN THE ORAL AND NASAL OUTPUTS 

by 

Alan D. Sharpley 



STRUCTURE OF PHONEMIC INFORMATION 

IN THE ORAL AND NASAL OUTPUTS* 

Introduction 

In 1968 S. R. Hyde reported a technique that physically 

isolated the acoustic outputs of the oral and nasal cavities.1 

The technique involved the separation of the two outputs by a 

metal acoustic shield that was fitted to the speaker's head. 

Then, while a speaker was fitted into the separation device, 

the oral and nasal outputs were simultaneously recorded during 

continuous speech.  Hyde's results appeared in the form of the 

sound spectrograms of the two outputs which he compared to each 

other as well as to the spectrograms for normal speech. 

The present study uses a technique similar to that described 

by Hyde, but, while his interests lie primarily in the differ- 

ences among the physical waveforms, the purpose here is to deter- 

mine the relative contributions of the two outputs to the process 

of consonant recognition.  The Diagnostic Rhyme Test is employed 

in the present study as a means of evaluating the perceptually 

significant content of the acoustic outputs of the oral and nasal 

cavities. 

*The research described in this report was conducted in partial 
fulfillment of the requirements for the degree of Master of Arts, 
the University of Texas, 1970, 
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Acoustic Shield 

An acoustic shield was constructed from four sheets of acous- 

tical flberboard and two sheets of lead which were notched to fit 

around the speaker's head.  During the actual speech recordings 

the speaker's head was situated in the center of an 8' x 8' x 1" 

shield consisting of two layers of flberboard separated by a layer 

of lead.  In addition to its acoustic insulation properties, the 

lead provided the structure with enough mass to damp the natural 

flberboard resonance.  Fit of the shield around the speaker's 

head was sufficient to prevent significant sound leakage, but 

not so tight as to alter normal speech articulation.  The fiber- 

board sheets directly under the speaker's nostrils and directly 

above his mouth were beveled \  inch in order to minimize obstruc- 

tion of the breath streams and interference with upper-labial 

articulation.  Finally, the shield structure was suspended from 

the ceiling of a sound-proofed, anechoic chamber (12' x 12' x 12'). 

A Bruel and Kjaer free-field nicrophone and a loudspeaker 

were connected to a level recorder and a beat frequency oscillator 

in such a way as to measure the amount of attenuation provided by 

the shield across the frequency range 50 - 10,000 Hz.  Figure 5 

shows the attenuation characteristic of the acoustic shield that 

resulted from this measurement. 

Recording Procedures and Materials 

Bruel and Kjaer #4131 free-field microphones, #2613 cathode 
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followers, and #2604 amplifiers were connected to separate 

channels of an Ampex 602,2 tape recorder. The frequency charac- 

teristics of the two microphones were almost ideitical, being 

essentially flat in the range 20-10 000 Hz.  The separate audio 

subsystems (microphone, cathode follower, amplifier) were cali- 

brated by pistonphone so that they had virtually identical 

frequency responses. 

The microphones were suspended 10 cms. from their respective 

sources at 90° incidence, but were kept close to the shield 

(1 cm.), so that any speech reflecting off the surface of the 

shield would arrive at the microphones approximately in phase 

with non-reflected waves.  Figure 6 shows e  block diagram of the 

equipment, shield, and chamber used to record the speech naterial, 

Figures 7(a) and 7(b) show the configuration of the speaker and 

acoustic shield in the anechoic chamber during recording of the 

speech materials in the experimental conditions. 

In the control condition, the speaker was situated in the 

center of the anechoic chamber with his head held firmly by a 

special restraining device and with a free-field microphone sus- 

pended 10 cms. frorr his mouth at 90° incidence.  Speech material 

was recorded on a single channel of the Ampex tape recorder after 

passing through one of the microphone/cathode follower/amplifier 

sub-systems described above. 

Two randomizations of the Diagnostic Rhyme Test (DRT) 
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B&K # 2613 
Cathode — 
Follower Shield 

B&K # 4131 Free 
Field Microphone 

ANECHOIC CHAMBER 

Ampex 602.2 
Tape Recorder 

Fig. 6. 

B&K # 2604 
Microphone 
Amplifier 

Diagram of Audio Equipment, Shield, and Chamber Used 
in Recording of Speech Material. 



71 

Fig. 7(a).  Speaker and Acoustic Shield Situated in the 
Anechoic Chamber. 

Fig. 7(b).  Speaker and Placement of the Nasal Microphone 
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materials were recorded under  the experimental conditions   (two 

microphones  separated by the acoustic  shield)  and two randomiza- 

tions under the control conditions   (a  single microphone).     The 

tapes were edited and 1,000 Hz calibration tones were recorded 

at the  same  level as  the average of the  vowel peaks  (VU)   for each 

tape.     Since multiple  presentations  of each randomization were 

required in the course of the experiment,  each basic randomization 

was partitioned into quarters,  which  in turn were ordered  in 

various ways  to guard against the effects of learning. 

Listeners 

Eight male University of Texas  undergraduates,  selected  nn 

the basis  of consistency of performance  on speech intelligibility 

tests,   served as subjects.    All had good hearing as determined by 

pure  tone audiometry,  and had more  than 40 exposures  to  various 

intelligibility test materials  prior  to  their participation  in 

the present  investigation. 

Speaker 

A male graduate   student at  the University of Texas with 

previous experience as an intelligibility-test speaker provided 

all recorded speech materials for this  investigation.     His  speech 

was of General American Dialect and  showed no perceptible defects 

or abnormalities.     His  intelligibility was highly typical  of a 

large  pool of male  speakers under a  variety of speech  transmission 

conditions. 
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Presentation Apparatus and Design 

Two (6* x 12') double-walled I.A.C. rooms were each parti- 

tioned into four listening booths.  Speech recordings (DRT) were 

played on an Ampex 602.2 stereo tape recorder and channeled 

through a high quality, custom built audio mixer/amplifier, 

where presentation condition and speech level was determined. 

The amplified, and, under one condition, mixed, speech was then 

low-passed at 8,000 Hz by a Krohn-Hite (48 dB/octave) filter, 

and presented through TÜH-39 earphones cased in Rudmose Otocups. 

Throughout the experiment, speech level remained constant 

at approximately 45 dB SPL for the average of the vowel peaks. 

The experimental design involved four conditions, each represent- 

ing a different recording mode.  Two DRT's were presented under 

each of the three experimental conditions: nasal output (NO), 

oral output (00), electronically mixed nasal and oral outputs (EM), 

and the single microphone control condition.  The eight DRT's 

were presented in two one-hour testing sessions (four to eacL) 

in a counterbalanced arrangement. 

Resultn 

Data for the DRT are presented as "percent correct discrim- 

ination" scores.  For each of the attributes (voicing, nasality, 

sustention, sibilation, graveness, and compactness) used in the 

DRT, attribute present, absent, mean, and bias (present - absent) 

scores, as well as a "Total DRT Score." are presented for each of 
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the experimental  conditions. 

The "Total  DRT Score" may be used as a gross measure of 

overall  Intelligibility   In  that   it has   been  found  to correlate 

highly with scores of other conventional   Intelligibility  tests, 

i.e.,   the Fairbanks  Rhyme Test.'    The  total DRT Score 

for the NO condition  (24.9)   Indicates   that  It was consi- 

derably less  intelligible  than any of  the other conditions.     It 

was also found  that  the  total  scores  for 00  (93.8)  and EM (94.9) 

differed non-slgnlflcantly from the control   (95.1)  and  from each 

other.     Scores   for each of six consonant  attributes und  r the 

thret   experimental conditions and the control  condition are 

presented In Tables   11  to   14. 

The attribute scores   for AO are,  with a few exceptions, 

quite  low -- many differing non-significantly  from chance 

(Table  11).   The exceptions referred to are  the mean scores for 

the   "voicing" and  the  "nasality" attributes.     In addition to 

those scores,   the  large attribute bias  score  for  "nasality" is 

notable,   i.e.,   nasal consonants were significantly more dis- 

tinguishable   In NO than were  their oral  counterparts. 

Tables  12,   13,  and   14 reveal small differences  in the various 

DRT scores,  with  the exception of a depressed attribute-present 

score  for  "nasality"  in   the  00 experimental  condition   (Table 2). 

This decrement   in  the discriminabi1ity  of nasal   consonants  results 

In a decreased  attribute rean score and  a  relatively   large 
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negative attribute bias score for "nasality" in the 00 condition. 

Differences between the control condition and each of the 

experimental conditions were evaluated by means of "t"-tests, the 

results of which are shown in Table 15. This table does not show 

"t"s for the attribute-present or attribute-absent scores, since 

that information can be determined from the "t"s for the mean 

and bias scores (as long as the direction of the bias is known). 

Table 15(a) shows th« results of "t"-test8 between the con- 

trol and the 00 experimental condition. The mean and bias dif- 

ferences for "nasality" are significant (p < .01), while all 

other attributes show "t"s less than 1.0.  It appears, then, that 

the oral cavity produces an output that is significantly defi- 

cient in nasality Information, but nevertheless retains a sub- 

stantial amount of information with respect to the state of this 

feature.  A significant difference in bias indicates that the 

information loss occasioned by removal of the nasal component 

of the speech signal is an assymetrical loss.  Predictably, 

greatest loss occurs with respect to the positive (i.e., nasal) 

state of this feature.  On the other hand, the output of the 

nasal cavity presents an entirely different picture 

Table 15(6) reveals the NO condition to be substantially 

inferior to the control from the standpoint of overall consonant 

discri^inabiltty.  The nasal output is deficient in infornation 

with respect to all consonant attributes, as seen in the highly 
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TABLE 1!) Results from Analyses by 'V-Tests Between Each 
of the Three Experimental Conditions and the 
Control. 

(a)      Z 

(b)      rt 

(c)      ^ 

Consonant "t" for 1   "t" for 
Attribute Attribute |  Attribute 

j  (Present/Absent) Mean |    Bias 

Voiced/Voiceless .47 |      .26 

8 Nasal/Oral 4.89 3.64 

Q 
Sustained/Interrupted !      .80 .98 

u 
u Sibilated/Unsibilated .55 .24 
o o Grave/Acute .27 .76 

Compact/Diffuse .56 .71 

Voicec1/Voice less 8.22 1.71 

o Nasal/Oral 8.36 5.56 
1 

•—1 
o 

Sustained/Interrupted 14.44 .70 

c 
o 

Sibilated/Uiisibilated 21.30 2.72 

Grave/Acute 24.26 .69 

Compact/Diffuse 18.52 .66 

Voiced/Voiceless 1.77 .81 

s Nasal/Oral 1.82 1.17 
Cd 
1 

ft 
Sustained/Interrupted 1.99 1.20 

Sibilated/Unsibilated .00   ! 1.53 

Grave/Acute 1.53 1.02 

Compact/Diffuse .61 .84 

Mto n With  7 df,  P -   .01   for "t 

With  7 df,  F -   .001   for  'V 

3.50. 

5.41. 
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significant   (p  < .001)   nt"8  for the mean diagnostic  scores. 

Moreover,   the significant bias score  for "nasality"  indicates 

that a  l(v,s,  albeit an assymetrical  one,  occurs  even   in the  case 

of  the feature, nasality.     The negative  (i.e.,  non-nasal)  state 

of  this attitude is poorly represented in the nasal  signal. 

Finally,  Table 15(c) presents  the results of "t"-tests 

between EM and control.     These tests revealed no significant 

differences between EM and the control in any of the attribute 

scores.     It will be assumed,   therefore,  that mixing the outputs 

of the oral and nasal cavities produced a signal that was not 

significantly different  from  the control, with respect to con- 

sonant discriminability. 



DISCUSSION 

Since the Total DRT Score represents a measure of speech 

intelligibility.-' These scores may be used as an indicator 

of the relative contribution of the oral and nasal outputs 

to overall speech intelligibility.  The Total DRT Scores 

for the NO and 00 conditions are 24.9% and 93.8% respectively. 

Predictably, the output of the oral cavity makes a much greater 

contribution to the speech communication process than does the 

nasal output. 

The 00 condition contained sufficient information, rela- 

tive to the control, to disciiminate among consonants with re- 

spect to all cittributes except "nasality." Even in the case of 

"nasality," discrimination of the absent state was relatively 

unimpaired.  The oral cavity output was, bnwever, deficient in 

perceptual information with respect to the state of the feature, 

"nasality." On the other hand, the NO condition contained little 

of the information necessary for consonant discrimination on the 

basis of any of the attributes us^d in the DRT.  In fact, only 

in the case of "nasality" was there sufficient information for 

reliable discrimination (49.67o).  And even in that attribute the 

discrimination of orals from nasals was only 25.47c above chance, 

while the inverse discrimination waa 73.87. 

Although there is some information contained in the nasal 
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output for all the consonant attributes, overall speech intelli- 

gibility is relatively unimpaired by its absence.  In fact, only 

in the case of the attribute "nasality" and only for the discrim- 

ination of that attribute's present state does the nasal output's 

contribution to consonant discriminability become significant, 

i.e., the absence of the nasal acoustic output (the 00 experi- 

mental condition) results in a significant decrement only in the 

discrimination of the nasal consonants (/mnr]/) from their oral 

cognates (/bdg/). 

However, the fact that other attribute mean scores, in addi- 

tion to that of "nasality," are significantly above chaace per- 

formance in the NO condition (Table 16) is somewhat remarkable. 

It seems unlikely, in view of the low level at which the speech 

was presented to the crew of listeners, that this NO information 

is simply output from the oral cavity that was not completely 

attenuated by the acoustic shield.  If such were the case, the 

NO scores would be the result of high frequency distortion, since 

the acoustic shield served, in effect, as a low-pass filter, as 

indicated by the graph of Fig. 5.  However, the patterns of mean 

diagnostic scores and bias scores obtained under the NO condi- 

tion are not characteristic of those which have been found in 

cases involving low-passed speech,4 nor do the patterns parallel 

those that have been obtained for speech presented under low 

signal-to-noise ratios."  It seems, therefore, that the attribute 
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scores that differ significantly from chance in the NO condition 

are not artifactual, but rather that they result from the actual 

presence of perceptual discriminatory information in the output 

of the nasal cavity. 
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SUIIIIMry 

Recordings of For m IV of the 
Diagnostic Rhyme Test by six male 
speakers were used to evaluate the per
formance of a sample of digita t vocoders. 
all operating i n t he neighborhood of 
2400 bps. The resu lts are compared to 
those o f the 1967 survey and t o t he case 
of noise masked speech. Specifi c 
strengt hs and weakr.es:;es of t he " t ··pical 
vocoder '' of 1972 are discussed . 

Introduction 

Ttte purpose of :.his report i s t o 
attempt to characterize the perf ormance 
of present-day d i i tal vocode rs from the 
standpoint of speech i ntelligibilit · . 
Ideally , it would serve as a sequel to • 
similar report generat ed by the survey 
conducted in conjunction with the 1967 
Speech Conference1 

, end thus permit an 
evaluation of the advances in digital 
vocoder technology that have occurred 
during the past f i ve years. Regrettably, 
several factors converged to preclude 
such an evaluation on any reasonably 
controlled basis. 

The situation is complicated first 
by the fact that only one of the systems 
evaluated in the previous survey was 
available for evaluation in the present 
survey. In addit i on , the sample of pitch 
excited, digital vocoders available for 
purposes of the pr~sent survey was even 
smaller than the sample used in the pre
vious survey. Among these, moreover, one 
was clearly malfunctioning to a degree 
that warranted its exclusion from the 
survey. Another factor which complicates , 
but does not in itself preclude , compar
isons was the use of a different , albeit 
improved , version of the Diagnostic 
Rhyme Test, DRT Form IV2 • On the positive 
side are the more refined evaluations 
permitted by the current version of the 
DRT, and by the use of multiple speakers, 

8R 

or.e of whom se r ved as the s ingle speaker 
used i n t he ear l ier s urvey . 

Other thi ngs equal , DRT Form IV 
tends t o y ield somewhat lower scores than 
the DRT Form I l l used in the previous 
surve y . However, r esolts obtained with 
this f or m can be rather easily translated 
into the ' r Form III equivalents. For 
example. half f t he i tems used in Form IV 
t o t est the a pprehensibility of the 
at:tr i but s us t ention invol•Je vo iced conso
nant pairs . wh i l e half · nvo lve unvoiced 
pair !'. P1ese prop,~r t ions ~re di fferen~ 
in t he c~-e of F t m I ll, where unvoiced 
cons~nant pai rs predom lnat~ . Since 
sus 1 ~ntirn t ends gene1a l l • t o be more 
apprehens l"b le in u nvoi ced pai rs, DRT Ill 
typi ally yj elds highe r s cores on the 
sustention scale than DRT IV. However, 
by appropr iately weighting listener 
performance on voi ced a nd unvoiced pairs, 
sustention scores on one f or m of the DRT 
can be translated into their equivalents 
on the other . Simi lar adjustments can 
also be made i n t he case of scores for 
voicing (where friction is the condition
ing factor ) , graveness (where difficulty 
is conditi onal upon the state of voicing 
and "plosion"), and so on . 

Methods and Materials 

For purposes of this investigation, 
six male s peakers r ecorded four complete 
sets (192 test words each) o f the DRT IV 
materials . lhese were r andomly combined 
into four master tapes, each of which 
contained a recording from all six 
speakers . These were randomly assigned 
to the various entries ~n the survey 
(which included s ystems other than 
d i gi tal voc ders) , but with the restrict
ion that all representatives of a 
defi nable class of systems (such as 
pi~ch excited dig i t al vocoders) received . 
copies of t he s ame master tape. The 
output recor dings from a l l entries were 
presented i n random order to a crew of 



eiaht hiahly selected (fo~ stability of 
performance) and experienced listeners. 
Thl1 order vas reversed and all materials 
were presented a second time to the same 
crew. 

All t••t materials were presented 
diotically at an SPL of approximately 
72 dB. Proprietary considerations pre
clude disclosure of the exact number and 
identities of the systems involved. 

Results 

It may be of interest, first, to 
compare the performance of the present 
sample of vocoders with that of the 
vocoders evaluated in the previous survey. 
For this purpose, only data for the 
slnale speaker common to the two surveys 
are used. The averages of the major 
diagnostic scores yielded by the present 
sample were translated into their DRT III 
equivalents. They are presented in 
Table 17. 

Table !7. 

Conditio!;\ 

Typical Dig. 
Vocoder 
1967 
(DRT III) 

Typical Dig. 
Vocoder 
1972 

Equivalent DRT III Scores 
for Three Conditions 

Diasncstic Scale 

Vo Na Su Si Gr Co 

97 98 82 97 89 93 

95 97 83 99 82 94 

(DRT III equiv.) 

Av 

93 

92 

From the table, we can only conclude 
that the "typical" digital vocoder of 
1972 differs negligibly fr m that of 1967 
when evaluated on th~ basis of essentially 
the same criteria. The average DRT total 
score of the present-day sample falls one 
point below that of the 1967 vocoder. 
This result, however, merits only the 
most qualtfied acceptance. in view of 
degree of intervocoder variation that 
characterized both sanples. In both 1967 
and 1972, total scores spanned a range of 
over three points. The addition or exclu
sion of a single case from either sa~ple 
could easily ti l t the balance in favor of 
one or the other. Finally, some allowance 
must of course be made for inadequacies 
in the procadure used for converting 
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DRT IV results to their DRT III equiva
lents. Although different listener crews 
were used, this factor would appear to be 
of negligible consequence. When the 
present crew was used to evaluate sample 
tapes from the 1967 survey, differences in 
total DRT scores were typically of the 
order of .1 percent. 

Table 1e presents the average of the 
unadjusted diagnostic scores yielded by 
the present sample of vocoders . For pur
poses of comparison, corresponding scores 
for the case of noise masked speech 
(6 dB S/N ratio, 8 KHz passband) are also 
presented. The standard errors shown in 
this table are derived from mean scores 
for speaker s rather than listeners, since 
the former constitute the more important 
source of variation in test results. 

Table 18. Gross DRT IV Diagnostic 
Scores for the Typical Vocoder 

and for Noise Masked Speech 

Score x* 

Voicing 86 

Nasality 96 

Sus tent ion 73 

Sibilation 96 

Graveness 77 

Compactness 93 

Ave rase 89 

Condition 
Vocoded 
Speech 

s.e .** 

3.2 

1.5 

2.5 

1.4 

1.9 

0.8 

1.2 

X'* 

94 

98 

76 

95 

74 

90 

88 

Noise 
Masked 

s.e.** 

1.0 

0.6 

2.9 

1.2 

2.4 

0.9 

0 .7 

*Averages for six speakers 
**Based on speaker averages 

From the table, it appears that the 
effects of vocoding upon speech apprehen
sibility are grossly quite similar to 
those of noise, where the two conditions 
yield approximately the same overall level 
of speech apprehensibility . In any case. 
such differences as appear here cannot 
be safely generalized to the population of 
male speakers at large . 

Table 1e provides a more detailed 
analysis of the "typical vocoder" of 1972 . 

Shown in the . tahle are averages of 
the six major diagnostic scores for the 
vocoders in thf' ptcsent sample . Vario11s 
r.omronents ~f eac h of these scores are 
also shown . For cxamole, the voicing 



Table u. Co•plete Diagnostic Scores 

Attribute Pos. State Nas. State 

Voicing 83.5 88.8 
~ict1ona1 72.3 80.0 
Ronfrictional 94.7 97.6 

Na .. Uty 94.3 96.9 
Grave 91.6 95.3 
Acute 97.1 98.5 

Sus tent ion 73.7 71.6 
Voiced 68.6 61.0 
Unvoiced 78.9 82.2 

Sibilation 94.5 97.6 
Voiced 90.8 97.1 
Unvoiced 98.3 98.1 

Graveness 73.5 79.7 
Voiced 81.5 88.3 
Unvoiced 65.6 71.1 

Ploaive 82.7 88.6 
Nonplo8ive 64.4 70.8 

Compactness 95.2 91.5 
Voiced 97.6 96.1 
Unvoiced 92.8 87.0 

Sustained 97.7 92.8 
Interrupted 92.7 90 . 2 

B/M 95.5 94.7 
8/F 94.9 88.4 

score is broken down into two component~ 
representing the apprehensibility, 
respectively, of the positive and nega
tive states of this attribute. It i~ 
broken down additionally into two 
components representing the gross appr~
hensibi1ity of voicing in frictional 
(including affricates) and nonfrictional 
consonants respectively . Further scor~s 
are provided for each state of voicine 
in each of these two cases. Values in 
the ''bias column" indicate the degree to 
which listeners favored the positive 
states of the various attri'!:lutes . 'fhf: 
standard errors for bias and total scores 
are in all cases based on speaker mea11t: 
and thus provide indications of the 
susceptibility of t he various sccre!> t ·· 
diff~rences ir E?ea~er character J5tit t . 

Although few of th~ trencis !.:.g~·.c · :: ! r·d 
by tne~e results are statistically 
signiff '=a:-~t, ~cveral ~re t.torthy ,... f n:·a,rn k, 
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for the Typical Digital Vocoder 

!!!!. !.:.!: B Average g. A 

-5.3 4.93 86.1 3.18 
-7.7 9.60 76.1 6.24 
-2.9 1.94 96 . 2 1.04 

-2.6 1.64 95.6 1.51 
-3.7 2.10 93.5 2.94 
-1.4 1.66 97.8 .56 

2.1 2.59 72.7 2 .49 
7.6 6.18 64.8 4.01 

-3.3 7.66 80.6 3.03 

-3.1 2.00 96.1 1.38 
-6.4 3.56 93.9 2. 08 

.2 .68 98.2 .73 

-6.2 6.11 76.6 1.91 
··6.8 5.28 84.9 2.62 
-5.5 8.76 68.3 1.58 
-5.9 7.78 85.6 2.30 
-6. 4 5.80 67.6 3.92 

3.6 1.72 93.4 .76 
1.5 .60 96.8 . 50 
5.8 3.58 89.9 !.. 45 
4 . 8 2.58 95.2 1.29 
2.5 1.64 91.5 .66 

. 8 1.16 95.1 .66 
6 . 4 4 . 00 91.6 1.39 

particularly as they coincide or fail to 
coincide with trends observed under oth~! 
circumstances. There is, for example. a 
rather strong indication that ~1ng is 

· leas apprehensible in frictional c:or.so
nAnts than in nonfrictional consonants . 
This trend, which also characterizes 
unprocessed speech in moderate levels of 
noise, was evident for all six speakers 
in the present case . The inflated 
standard error for the frictional case 
derives in fact from the extreme degree 
to which this trend was associated with 
one of the speakers. The negative bias. 
which appears here, is not significa~t . 
nor is it in the case of noisy, 
unprocessed speech. 

The negative a•;erage bias shown i. r. 
Lh~ case of •.asalitv is not .:;i~nificRn: 
nor i~ it con~istent with resul ts fnr 
~thcr transmission conditions . 



On the averqe. lhtenen in thh 
invelti .. tlon ~re consistently able to 
apprehend the state of sustention more 
reli~bly for unvoiced phonemes than 
voiced. This trend vas observed only for 
five of the six speakers in this case, 
but il aenarally observed in the case of 
noi1y speech. 

Sibilation 1ppears to be somewhat 
le11 apprehensible in the voiced than in 
the unvoiced case for the present sample 
Gf vocoders. This trend is evident for 
all 1ix apeakere and is also found in the 
ca1e of noisy speech. Results for five 
of the 1ix 1peakers reveal a sli&ht 
neaative bias in the case of sibilation. 
This bi.. is generally pronounced in the 
ca1e of noisy speech. 

Althouah the results in Table 19 
lua&est a rather consistent negative bias 
in the case of graveness, this tendency 
vas not associated with all six speakers. 
No such bias is evident in the case of 
moderately noisy speech although a pro
nounced positive bias is found in cases 
involving higher noise levels. The 
apprehensibility of graveness clearly 
varies from voiced to unvoiced phonemes 
and from plosive to nonplosive. These 
tendencies are evident under virtually 
all transmission conditions, and derive 
in part from the fact that the unvoiced, 
nonplosive pair, /i-9/, is involved in 
four of the most difficult items of the 
DRT IV. 

No significant biases are evident 
in the case of compactness, but the source 
state of this attribute proves consis
tently to be more apprehensible in voiced 
than in unvoiced phonemes. In vocoded 
speech, compactness appears to be equally 
apprehensible in sustained and in inter
rupted phonemes. However, it is 
consistently more apprehensible in 
suatained phonemes in the case of noisy 
speech. 

The back-middle distinction appears 
slightly less difficult, on the average, 
than the back-front opposition, in the 
case of vocoded speech . This trend is 
not evident with all speakers nor is it 
found in the case of noise masked speech. 

!t has often been observed that 
intelligibility test scores depend signif
icantly on the cha·cscteristics of the 
speaker involved and some degree of 
speaker dependence was evident in the 
pre sene case. Tab ie ao presents a1:erage 
diagnostic scores for each of six sp€aker~ 
used in this investigation . In the ta~le . 
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the epeakere are ordered with respect to 
average pitch frequency. Some correlation 
betvaen pitch frequency and various DRT 
ecore1 i1 evident and. although the 
present eample is insufficient for 
purpoees of generalization. we have 
eon1istently observed this trend with 
larger 1amples of speakers. Other things 
equal, low-pitched speakers yield higher 
DRT scores than high-pitched speakers 
on pitch excited vocoder systems. 
Althouah this tendency is evident to 
some dearee in several diagnostic 
dimensions, it is most pronounced in the 
ca1e of voicing. Here, moreover, there 
are pronouncet speaker differences in 
characteristic bias. Low-pitched speakers 
tend to induce a positive bias in the 
ease of voicing while high-pitched 
speakers are consistently associated 
with negative biases. Although there 
were minor differences in the ordering 
of speaker averages from one system to 
the next, in no case did a score for a 
high-pitched speaker exceed that of a 
low-pitched speaker. 

Table ao. Diagnostic Scores for Six 
Speakers (Average for 

all Vocoders) 

Diagnostic Score 

Speaker Y2. ~ Su ll Q!. Co 

CH(LP) 93 98 76 98 81 93 

BV(LP) 93 97 72 95 81 96 

RD(IP) 92 97 80 98 75 94 

BL(IP) 74 95 69 99 78 94 

JE(HP) 82 88 63 97 78 93 

SN(HP) 83 98 76 90 68 90 

The range of speaker averages for 
indi~idual systems varied between six 
and nine percentage points and it is 

Av 

90 

90 

90 

85 

83 

84 

conceivable that some such indicant of 
system versatility could prove to be of 
value as a supplementary criterion of 
system performance. Further research on 
this issue is needed, however. 



Conclusions 

In conclusion, the typical digital 
vocoder of 1972 appears grossly to affect 
1peech apprehension in much the same way 
a1 band-limited Gaussian noise. As in 
1967, voicing, sustention and graveness 
conatltute the phonemic dimensions in 
which the greatest opportunities for 
improvement exist. It is evident that 

.the present-day vocoder does not do all 
thins• equally well when operating in 
the voiced and unvoiced modes. In 
general, it would seem to preserve 
information as to ~ of articulation 
moat effectively in the unvoiced state; 
plach of a~ticulation most effectively 
in t e voiced state. It is also evident 
that present-day vocoders do not perform 
equally well for all speakers. Low
pitched speakers tend to yield higher 
scores than high-pitched speakers and 
other speaker factors will undoubtedly 
emerge from the results of further 
research on thi8 issue. 
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SUMMARY OF ACTIVITIES 

Summ9rized here are the major accomplishments of the 

Psychometrics Department, Environment and Physical Sciences 

Division of TRACOR, Inc., under Contract No. F 19628-70-C-0182. 

Publications 

Voiers, William D. and Smith, Caldwell P., Diagnostic 

Evaluation of Intelligibility of Present-Day Digital 

Vocoders, AFCRL-72-0120, 22 Febrvary, 1972. Special 

Reports. No. 131. 170-175 (IEEE Car. No ;2 ) CHO 596-7 AE . 

Presentations 

Voiers, William D., Current Status of the Diagnostic 

Rhyme Test , 8lst Meeting, Acoustical Society of America, 

Washington, D. C., April 1971. 

Sharpley, Alan D .. Structure of Phonemic Information in 

the Nasal Output, 8lst Meeting, Acoustical Society of 

America, Washington, D. C., April 1971. 

Voiers, William D., and Smith, Caldwell P .• Diagnostic 

Evaluation of Intelligibility of Present-Day Digital 

Vocoders, 1972 Conference on Speech Communication and 

Processing, Cambridge, Mass., April 1972. 
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Meetings Attended 

80th Meeting of the Acoustical Society of America, 

Houston, Texas, November, 1970 -- W. D. Voiers, A. D. 

Sharpley, C. J. Hehmsoth. 

8lst Meeting of the Acoustical Society of America, 

Washington, D. C .• April, 1971 -- W. D. Voiers and A. D. 

Sharpley. 

1972 Conference on Speech Communication and Processing, 

Cambridge, Mass., April, 1972 -- W. D. Voiers. 

Technical Personnel 
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Dr. William D. Voiers, Director, Psychometrics Department: 

Program Manager and Principal Investigator. 

Mr. Alan D. Sharpley, Engineer Scientist, Psychometrics 

Department: Project Engineer. 

Mr. Carl J. Hehmsoth. Engineer Scientist, Psychometrics 

Department. 

Research Activitie& 

Approximately half of the effort devoted to this project 

was directed to the end of developing and validating improved 

methods of evaluating speech communication systems from the 

standpoint of intelligibility. This effort culminated with 



the development and validation of th~ Diagno~tjc Rhyme Test 

Form IV (DRT-IV). It also occasioned resea~ch on a diversity 

of subjects in the area of speech perception, ar d several of 

the projects undertaken yielded rr.sults of general practical 

and theoretical interest. 

In addition to the design and validation of DRT IV itself 

were studies of individual differences in speech perception , 

studies of speaker differences, a study of the information 

content of the nasal output, and a comparative evaluation of 

present-day speech communication and processing devices. as 

reported in Chapters 1-5. 

Testing Services 

Pursuant to the provisions of the contract , a series of 

Diagnostic Rhyme Tests were performed on tapes of experimentally 

processed speech materials supplied by the contract monitor. 

These included among others output tapes from the various speech 

communication and processing systems submitted for evaluation 

in conjunction with the 1972 Conference on Speech Communication 

and Processing held at Newton, Mass., under the joint sponsor

ship of the Air Force Cambridge Research Laboratories ~ nd the 

Institute of Electrical and Electronics Engineers. Inc. 

Software Development 

Analysis data yielded by the investigative phases of the 
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program necessitated the development of a series of successively 

referred comp'lter scoring programs for use with the Diagnostic 

Rhyme Test. Such programs make feasible a variety of scoring 

refinements in the routine use of the DRT for purposes of system 

evaluation. Programs developed for use in this project were 

also modified to permit their use with computer systems other 

than those available at TRACOR. Appendix II contains the basic 

DRT IV scoring program and a sample printout. 

Tape Recordings 

The investigations performed under the contract necessitated 

the assembly of an extensive library of recorded speech mater

ials. This library included recordings of DRT III-A materials 

and samples of continuous speech for 80 male speal·ers. These 

served, among other things, the purposes of research which led to 

the development of Form IV of the DRT. Recordings of DRT IV 

materials were also made by a number of speakers. These were 

used for purposes of research and testing during the later stages 

of the project. They also provided the basic test materials used 

in the survey of speech processing and communication systems con

ducted in conjunction with the 1972 Conference on Speech Communi

cation and Processing. All master recordings were delivered to 

the contract monitor. 
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FORTRAN Main Routine and Subr 1. tine Listings 
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for DRT IV Computer Scoring Program 

I• 
2• . 
J• ... 
~· •• 7• 
•• •• 

lO• ... 
&2• 
13• 
I 'I• 
!Sa 
16• 
17• 
18• , .. 
zo. 
21• 
22• 
23e 
2'h 
25• 
26• 
27• 
21• 
29• 
JO• 
ll• 
32• 
33• 
l'h 
JS.• 
36• 
37• 
ll• 
39• 
.. u. .... 
'12• 
'll• ..... 
.. s.. .... 
'11• .... .... 
!tOe 
Sl• 
!:>2• 
!:tl• 
Sti• 
!>!:>• 
S6e 
!:>1• 
!:>tie 

703 
9001 

120 

121 

122 
IZl 

126 
121 

8!.0 . 

101 

102 

10) 
tn ·• 

300 
90Sl 

lOr 

MAIN R>UTINE 

I .. TECiEif COD E 
CU""ON/ALL/C OOECISOJ 1 5ELCZOI,~~.NL,NA 1 NV 1 JTTtST,NDL,NA5CON,JPUNtH 
loNRtJAVlol8lCi 1 J5P~,IOPCIOloi5AVli200ltNATEC201 
CO""ON /Mf/ LASLECilloiTST 
CO""ON/MCE/KETI200 1 '1ltJIA 1 KS,YEIIS01 1 NtHEIIOOo21oiA~Aai20,,I,ISPK 

IE'fCIOI 
CO""ON/lT"/KSPLIIIoZt2o2o21 0 1NROIII2 1 31 1 LOBLEC9o6loiTO"III2o'll,laS 

11112oZOioiTI"Cil2o'llolkS8Ctl2o20l 
CO""ON/FE~/NNLtNNQ 1 1KEYCIOl 1 LbliiGI,LKElll2ol2tl2l,LCNfiiSo61 
CO""ON IFNI llElT lllCo6l 
NLKET•IZ 
00 703 J•lo6 
READ 9~0!,11TEITCL,JioL•I,78l 

ro.c"'' ltlA61 
READ 11 0 0 11lNROCI,JioJ•I 1 31,1•1 ,1121 
FOR"AT C~t3A6o2lll 

READ lilloiiLORLEllo.JioJ•l,61ol•loYI 
fOR"ATt6A6,'1X 0 6A61 
DO 122 l•toll 
READ IZl,CIIIK<;PLitoJrK 0 L 1 HI,Ja t, zi,K•I,ZI,H•t,21ol•t,Z1 
FORMaT IZAo8t'I,'IAoNI'II 
READ 12!),( I KEy IJI oJ•I ,!il 
FORMATt61UIZ,III) 
00 126 I•Z,NLJCET ,,.,_, 
READ 127oiiLKETII,J,KloK•l,lloJ•I 1 IIl 
rolf,.ATI'~'ll21 

READ 1ZioiLBLtllol•l 1 61 
READ 8SO,t ILO;fll ,.;I,J•I o61ol•t ,lSI 
fUR"ATI6A6 1 ~lo6A61 
READ IC9t NKEToNA, ~ y,NA5COR 1 JSA6oJSA7oNDl 
JZPAGE•O 
00 IDI l•toNKlT 
READ liDo NolltETINrJioJ•l,'ll 
READ llltiiSPKEYIIIrl•l,91 
00 102 1•5,20 
READ 108, IIA ~~< tiii,JioJ•I,'II 

ou 103 l•lo2o 
READ lilt NrCHAM[INoJioJ•IoZl 
N E. "D I 't o t, T ( 5 T t II Q o "• L , J P U II ( ~ 0 J A "'/f. , :II P A G ( 0 L U L l 5 T t I u l (a t J l A t II ~ K L y 1 

INlLl5 1 JSPK,JTfE5T,cloPct lol•1 1 i0l 
lf1Jav£oEQoOl JAVl•l 
IAZP•O 
IFINT[SToLToOl lXZP•2 
IFI"ODIJAV[oJSPK io ~ [,QI 60 TO )00 
<aD TO JOI 

,O~Mlf IIOko'••••• THE NU"PER Of SP[AKFRS ~~D TESTS ARE I~CO~rATIB 

ILE •• • • •' I 
GO To 1:11 
(UN T HI UE 
HLL•I<L 
~. L Q •r.J 

HLAV•J•\V ( 
HL~PaJ:,I'• 

IF INQ, [~ , O I ~~ TO I D7 
t"lll NT Q fJ 'I,. 

Q l • • FOWHAII'I •TS ILS NAT? lAY ( r~~l LBL? B<ai U IT H? 



!ate 
•O• 
61• 

·~· 6l• . ,. ... 
6S• 
6•• 
•7• 
••• ••• 
70• 
71• 
72• 
7l• 
7"• 
7S• 
76• 
77• 
71Je 
7•• 
tOe ... 
82• 
ll• .... 
IS• 
86• 
17• 

••• ••• 
90• 
91• 
9il• 
9l• .... 
951• 
•6• 
97• 
98• 
99• 

100• 
ICII• 
102• 
I OJ• 
IO'f• 
lOSe 
106• 
107• 
108• 
lOt• 
110• ,,,. 
1&2• 
Ill• ,, ... 
liS• 
ll6• 
117• ., .. 
119• 
120• 
12 I • 
122• 
l2l• 
ll.'l• 
1251• 
126• 
U7• 
128• 
12•• 
130• 
Ill• 
l Jl• 
Ill• 
ll'l• 
13!>• 
136• 
IJ7e 
llll• 
IJ9• 
I 'tOe 

90\>U 

I I 'I 

I I 7 

221 

9060 
222 

231 
2l2 
2l'l 

lOS 

115 

10111 

1019 
I IB 

I I If 

106 

107 
c 
ltl8 
I O'f 
11 0 
I I I 
I I 2 

II l 

IKY? AL~? SF~? TtST? SPLT O~T~!a•l 
~~I~T 90~0,NT(ST,~~•HLt~PUhCHo~AVl,-IPAGEoL6LT~Ttl81~t~IA,~IK(Y, 

I~ALI5 1 J5 PK,~lll 5 T,IIOP1Il 0 l•to1PI 
~OM h AT IIJI6 1 ~At1Uill 
.J:lPAC.l•O 
IF IN&~AC.EI ll'ltll6 1 116 
.J2PAC.E•I 
NAPAGE•IAbSINl~A~ll 
CONTI :-4t; E 
.J)PAGL•O 
IFINJP~GEoLToiOOI GO TO 117 
J2PAGt•l 
Jl~AGE•I 
NIPA~[aNIPAGE-100 
CONTINUE 
NT[STaiABSINTESTI 
NR•O 
IF I,JP ~hCHoGToOI N~•6 
laRAaJSU812HAAI 
IFIN&KEYo[OoOI GO TO 222 
READ 9 n•OoiiS 0 t lDHEoKDP 
ISAVEI!ISJ•ITO UE 
IFCKO~oEOoOI GO TO 221 
FDR"AT ll'fo21ol'fo•!a1 0 ISI 
CDNT Hl uE . 
IF INILIS,NE,OJ IIRA•J51UR12Hlll 
IFC.JS~<.EQ o OI GO TO 23'1 
.JSPII:•I~BSI.JSPKI 

DO 2ll KZ•Io.JSPK 
HLAO 232,L 1 NATEILJ 0 CNA"ECL 1 LLI,LL•IeZI 
fORHATII'1 1 21 0 AZo2& 0 ZR61 
CONTI t~Ul 
If IJA VEoEOoOI .JAV[•I 
DO I OS .J•I , ll 
LABLEI.JI•6 ... 
IF ILBLlSToEOoll HEAD 112, ILAILECJ1,J•I 0 131 
DO 106 ITST•j, NTlST 
NL•I'ILL 
NQ•"'LO 
.JAoiEa .. LA .. 
JSPK•"LSP 
L8LCJJ•6"'FR(T • 
L8LI'II•6HC.HAV • 
CALL 1fTIAL 
NNQ• PIO 
NNL•NL 
lfi.JSPKoNEo Ol ' NLa.JSPK 
If IL8LlST.EOo21 H[AO IIZo CLAILEIJI,.J•Ielll 
Jai<A•ISU UC2H8&l 
CaLL lUTING Cll 
CALL C>•ECIC 
DO 106 L~ZP•1 1 1AZP 
CALL STOP( 
DO 115 NPAG•I, N'- ; [ 
lfi.JZP•C.Eo[Qoll (ALL fiHII 
IFCJ3P4GE,EQ,OJ CALL fiNIS 
CONTIN UE 
CALL ERR OR 
lf11BI~·GT.OI CALL BIGIO 
JfiJJAoGT.OI (ALL IT~ANL 

lfi~IAoLT,ZI GO TU 11• 
00 I II I • I t II 2 
OU IO I E J • lo't 
JTO"lle.J I •JTI"IIeJI 
00 1019 .J•Io20 
IISCI 1 JI•IXSBCieJI 
cor; TtNut 
CALL IT II I.NL 
CO,..TINuE 
IFI.JPU,. CH, (!; .ll CALL PUNCH 
If I.JTTlS T.GT. OI CALL TTST 
COtlT I N ~.; l 

GO TO I 0 '1 
CONTJ,.. \1 ( 

JOR~AT IIOAo ti i Co5XoU I0 ,5Xo OI0oSio OIQI 
F U" "AT IIJ•~,l ~A , I:I I l 
ru~~AT l :i ,I], ~ J, Ciuo~l t ~ IOoSx,OICeSJeOIOI 

ro~~•t 1 1 ~,2x,l•"' 

f 0Wf1 AT 113&61 
f u~f1 -Til vi 06,1 J II 

ltoO 

100 



l• 
J• 

~-... 
tt• 
•• 
7• 

•• •• 
10• 
I , • 

12• 
1l• , ... 
1!•• 
••• 
17• 
••• ••• ZO• 
21• 
ZZ• 
lla· 
24• 
Zi• 
z•• 
Z7• 
z•• 
z•• ,o. , .. 
J2• 
Jl• , ... 
JS• 
J•• 
J7• 
J8• , .. 
.. o. .... 
42• 
•J• ..... 
.. ~. .... 
'17• .... 

l• 
2• 
3• ... 
s. 
•• 
1• 

•• •• 
ao• 
lh 

,. 
2• 
J• ... 
!t• 

•• 
7• 

•• •• ao. 

l 

z 

l 

10 

•• 

l ' 
20 
12 

IS 

101 
!>u.,~owl I"'L iUG tO 
C0""0NI ALL/CO~lllS~t 1 5LLI2~1,NQ 1 ~L .~~~~v.~TT~5TohDL,~A5CU~,~Pu~l n 

I,NN 1~A~[,J e O Ci 1 J~P~,IOPl101 1 ISA~[I2~ 01 ,~ATEI2QI 

CO MMO ... IE4M/ U5~~ 1201olLI2:,7t,lal20o71ei012Do71oiTl20o71 
loiWWI2DeiSOt , ,rt. P1 11121 
CO""ONIIl"I«SPLIJiolo2o2o2loiNRDCll2,31oLOBL[C9 , 61oiTOP11J 12o"'lo lA 5 

1CU2,2..t l 
OI"£N510~ 181Cil151,tii~PilSioll~llSI 
DIJ l tc•lolS 
IIICiCICI•ITEMII t 
181CiPC , I•l 
DO l 1•2 olll 
lfll81~l«teGTeiT£"Citl GU T~ 1 
181Cii .. I•ITEP1tll 
IIII~Pc~:•t 

CONTINuE 
J•t e tCOPIKI 
ITEP11JI•O 
CONT lf~ VE 
TOT•IIIQ•NL•JAVE 
IFCJSPKoH[oOI TOT• ... Q•JAVE•..tSPK 
DO J K•l oi S 
l•li!COPIKI 
ITE"I II•IIIGIIt I 
lliltci•IITOT-2•181CiCKIIITOTI•l00•D 
PfUIIIT 10 
fURP1ATil H 1 1 91 1 ~6HfCN TH£ PV~POS£5 Of fUHTH[R RE!>lA~ CH OESliNEu To 

IIP1PAOVEolol2a,oOHYOVN SYST£" UR DEVICE, YOU ~ ILL fl"'D IT AOVa"'TA uE 
ZOUS TO GlVEo/olJX,73HSPECtaL ATTENTI ON TO T~E UISTit•GUISH&81 LtTr U 
•r THE FOLLOAING WORO PAI~S.• I 

PRINT 16 
f0RP1AT Clolo!OH~ONO PAI RS tl7X 1 "1HPCCI I I 
00 11 t•loiO 
J•l81GPIII 
PRINT lZ,II~ROCJ,KloK•I,ll,biGtll 
IF18tGCIIoGT,99e9999991 GO TO 20 
CONTINuE 
CUtlltiii UE 
fO IC P1 AT 116XolA6o"'XefiD•Ioll 
PA !NT IS 
FORM AT 1/oi Ol ,••• THE CO u TqasTS! f&D - TH•O• FIN-THIN,FOV~~T-T~ w u ~ 
I~T, 1 ,/ol21, 1 V0~-80~, vOl-BOl, vEE - C[[, VI LL-BILL, VAULT- F4ULT • 
Z,l, Ill, !;~"•qE -:iE~lliALLY A t1 0 L!~ G T~l "DST u l 
~ffJCULT TO DIST IN~~ ISHo / oi2A,7~ WT ~ll ~ P~ESE~CE ~~ T"E FUklGUt' ~ Ll 
7ST DOES ~O T 1 tHEREfORE, REfLECT U~I QUELT o/ol2l,"''"U~ON THl P[wfO~M 
9ANCE OJ YOUR SYSTL " OR OEVICEe I 

RETURN 
[NO 

FVNCTIO~ !POP II t.l I 
JX•J 
JX•JI•2>l 
Jl•Ja-ze 
IF IJXoGToZ&I <.0 TO l 
Jl•JI-1 ..., 
II•LSHIFTI&l,-~al 
I P 0 P • A . ! l I I l , I I 
RETURN 
END 

SUBROuTihE fOOT~T INI 
CO"P10N /f h/ ITEJ.T tllO,•t 
~0 T 0 I 1 , 9, I , I , <I , I o 9 t 9 o I l , N 
If l"'el •l o<l) ~·b 

JfiNoLT,;) ..t•!:> 
JfiNeLT• ~I ..t• .. 
PHJNT ~CCO.IIHITIL o..tloL•I,781 
• OhM &l 120A oll &t>l 
lllTUittl 
l.ND 



•• 
l• 
l• ... 
!t• 

•• 
7• 
•• •• 

tO• 

••• 
t2• 
tl• .... 
lS• 

••• 
17• 

••• .... 
20• 
21• 
22• l 
23• 
2'1• lO 
2S• 
2•• 
27• 
28• 3 
lt• .. 
JOe 
ll• 
ll• !t 
33• 
l'l• 
JS• 6 
J•• 
37• ., .. 
39• 7 .. a. .... • '12• 
'tl• ..... 
.. s. .... 
ot7• .... .... 
SO• 
Sl• 
S2• 
Sle 
S'h 
S!a• 

s•• 
S7• 76 
Sle 77 
s•• .a. 
••• 
62• 
6l• .... 
6!.• 

••• . ,. 
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SU~NOuTI~E (M[ C~ 

INTEG£" C.OOE 
C~H"OhiALLtCOOEII!tO t,S£Lt2nt.hQ 0 NL,~A,~V 0 ~TT£ST 0NDL 0 NASCON,~P~~t ~ 

loNHo~A~EoiBJ~0 ~S·~•JOPIJUJ 0 JSA¥Ll~C~IebAT£'~~1 
CO~"O~ l£~~1· t Sv~I20iolL~artzD471olL&AAC2Uo7l 0 jLAA.12Dt71,JLaATI2D 
lo7lolL• ~ l2CoJSOJ ol1fMIJJ2JoJS~LTIJCo4Do2o'lleJL&~IZOoll 
ZolliiCSit!.GI 
CO""ONI~C£1«£~1ZD0 0 '11o~IA,«SAV£ll501,Nt"£1l00o2loiANlii20,'11,1SPK 

l[YIIOI 
CO~"ON /Mf/ LA ULEI131oiTST 
CO~"ON/lT~t«SPLill 02 02 02oZI 0 1NRDIIJ2,li,L06L£,9,6loiTO"II12,'11 0 1a!a 
lltl2oZ ~ IoiTJ~I I I2o'llel&58IJJ2e201 

Dl"[NSIO~ 10&1•11121 
.1&•0 
DO 'I LL•I,IOjL 
DU «•I •• 
DO NF•lo2 
DO Nl•lo2 
lS~LTC~oLL,NP.NZI•O 
00 l «•l 0 NA 
ILIAPCLLo«I•O 
ILXAA llloltl•LJ 
DC lO "• lo8 
ILl'IICLLt «I •O 
oo l ~·•·•so 
lwRSIKI•O 
COOEI~I•'IH 

IL&UILLoKiaQ 
CONTINUE 
DO S Jat,•t 
DO S .J•lo'l 
IAtwl,CIIo·II•O 
DO 6 ~·I, I 12 
llE"I.JI•C 
CONTI"'U£ ... , .. 
···-· (aU TO 11 

INC••t 
IV••2 
CO'iTIN UE 
00 Zl ICY•Jo..JAIIE 
If IJPU~C HoNEoDI CALL HATING liVI 
00 23 I(Q at,NQ 
DO 22 Ll•t,NL 
DO 12 .,Jl•lt2 
R[AD 26• «ODEolLoiPA&EoNK[ToiiDATAl..JioJelo56loiAN5 0 1SH££T 
IANS•l•'•S• I 
IS~ltl•ISHEET-t~A•J 
IA~s-cct• ~s·~•-~••clt~H£El•JII21 
lfiiSAVliNKEYI• ~[•CI N«{T•ISAII[{NKEYI 
1Qa1400I .. K[Y 0 NWI 
IF liQ.r'loO I IQ•NQ 
COCECitfht~;OOE 

lfloiSP~ot.WoOI !w•Crr..,•NQ-NQ)+JQ 
lfiJSP~I 76,77,76 
lLr.•tL 
ILA•JSVBIJLI 
NSuBI llll•ll 
IL•ILI 
.Joi•O 
If l"OUIISHEEl 1 21ot.QoUl JJ•!t6 
D022 t••t,8 
II HaN 

If IMO ~ IIS~EET 1 21•['•01 •~•N•8 
DO 22 <•I I,., • 
.I• I INe t,AI•t•A l•lt 



611• 
64J• 
71J• 
71• 
72• • 7l• IU , ... I I 
7!1• 
76• 
77• 
7ee 
79• 
ao• u 
81• ll 
82• 
83• .... 1 .. 
8!'.• 

••• .,. 
••• ••• •o• IS 
••• 16 
92• u• .... 
•!t• ••• 17 
•7• u 
••• •• 99• 

lODe 
101• 
102• 
103• 
1041• 
ID!t• 20 
lil6• 
107• 
I Ole 
109• 
II 0• 
Ill• 
112• 
IJ.h ..... 
liS• 21 
116• 
117• 22 
118• 2l 
II •• 
120• 
Ill• 
122• 
Ul• 2'1 
12'1• 
llS• 
126• 
127• 
121!+ 25 
129• 
130• 16 
I lie 

I• 
2• 
.J• ... 
S• 

•• !o 
7• 
•• .. .,. 10 

ttl• 
II• 

lll£Ha.J+.IJ 
KliNK•IIIT£H+27o01/28o0 
1• I IP ~PIIANlXI IA N~ 1 KLIN•l,.lle [Q oll IU&TAI.II•l•IOATAI.II 
110 To t iC,<JI,JPAC.l lQJ 
IO&TAIJI•J•IO&TAI.II 
If IJDAIAI.II•It~O~IKEYINKlToKLINKioJI•I II J9o22oll 
lLIAP(ILoKI•IL~APatLoKJ+JUC 
L .. •I'IOOIII.Io iiQ I 
lfiLWolW•OI LQ•~Q 

JTIHIJ+.I.I,LQI•ITIHIJ+.IJoLQI+JNC 
IASIIJ•JJ,JLI•IIS8(J+J.IolLI•tNc 
1.1•1 
~0 TO 1l : ,I J 1 llollol'lo1Sol71,K 
L"'IPOP I I ' ? KEY lit I , 1 • .,1+1 
JSPLTIKoiLoLoiJI•ISPLTIK,JLoLoiJI+INC 
liO TO Ill 
L•IPOPIISPK[T(KioNhl ~ l 

ISPLTC KoiL 1 L 1 1JI•ISPLTIK 1 1L 1 L 0 lJI+INC 
ICit•K•I 
L•IPOPIISPK[T4<Kio ~HI+I 

ISPLTI~KoiLoLoiJI • ISPLTIK,,JLoLoiJI•IN( 
liO To Ill 

Cot•KK•I 
LalPOPIJSpK[TIKKio kHI •I 
ISPLT ikK ,tL,(,IJI•tSPLTIKK,ILoLolJI+INC 
If ICKoLT,91 GO TO 16 
liD TO 18 
CONTIN UE 
If l ~a~CO~•KI Zlo2Co20 
ILIAAIILoKI•IL XAAIIL 1 KI+JNC 
LQa i'I OOI IQ,NQI 
lfiLQ,(OoOI Lfoi• NQ 
IT JH IJ+JJ,LQI•I TIHI J+.IJ,LQI•INC 
llS81J+JJoiLI•Il501J+JJoiLI•INC 
1.1•2 
60 TO 12 
ILl Q I I L, I Q 1•1 L I tl I I L, I Q I• INC 
JTA•HOOIJ,!II 
lfiJTI•£ Q, QI JTl•U 
ILIVIJLoJTII•JLlVIILoJTII+INC 
lfiJIAo£ 0 ,01 GO TO 21 
lllllt&J ""· 
Lloi•HOUII Q1 NQI 
lfiLQ, lQ oOI L O •~Q 

ITOI'I(J+JJ,LQI•ITOMIJ+JJ,LQJ+INK 
l l SIJ+ J J,ILI• II51 Jo.IJ 0 ILI+J NK 
IT£HIJ+JJ I• IT[ HIJ+JJI+INC 
I'RSIKYI•IQRSIKY)+JNC 
CONTIN.J l 
CONTIN uE 
If ICJITEST,GT,OI,ANO,IINC,EQ,JII GO To 7 
00 25 J •lo ~ L 
DO 2'1 J•loNA 
ILIATIJ oJI•ILI&PII,JI+lLIAAIIoJI 
ILIA8CI,JI•ILIAPII 1 JI•ILIAACI

1
JI 

DO 25 ,t•l 1 9 
DO 2!. I. Pat,z 
ISPLTIJol,uP,Jl•ISPLTIJ,I, HP 1 JJ•ISPLTIJ 1 1 1 ~P 1 ZI 
JSPLTCJ,I,NP,~J•ISPLTIJ 1 1, NP 0 l)+ISPLTIJ,t 1 sP,1) CO NT I III. l 
RETURN 
fORH-T I R ~ol2ollol2o2loZOII oiA,28lt oi OX, II,RII 
ENU 

SUbROUTI~l JTT t AL 
COH"ON/IT~/KSPLIIJoZt2t2o21oJNROIIt2 1 lloLU~LEI9o61oiTOHI11Zt'llolAS 

II 112 0 2 1) I 
DO I 0 I• I , I 12 
CO !o J•I,ZC 
l• ~.CtoJI •O 
Otlt> J•l•" 
I TO~: ti,.JI•O 

(OIJT IIWl 
"LTURN 
f.toU 



•• 
Z• 
l• ... 
S• 
•• 
7•. 
I• 
9• 

10• 
ll• 
th 
ll• 
1'1• 
as• 
16• 
17• 
II• 
&9e 
ZO• 
Zh 
zz. 
Zh 
2"• 
lS• 
Z6• 
27• 
21• 
Z9• 
JO• , .. 
lZ• 
ll• , ... 
3!t• 
36• 
37• 
ll• 
)9• 
110• .... 
liZ• 
'fl• ..... 
.. s. .... 
117• .... .... 
SO• 
~ .. 
!r.l• 
SJ• 
!ilf• 
s~· 
!>6• 
S7e 
51• 
!1.9• 
60• 
••• 
62• 
6l• .... 
6ft• 
66• .,. 
61• 
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SURMOUTI NL ERHoR 
&r,Tt:~t lt CODE 
COMMONIALLICOOECl~CJ,S£LI20I.U&GeNL 0ua,~V,JTT£ST,-DL,NA5CUR 1 JPUN(H 
lt~AoJA~l,JS ! G,JSP« 1 JOPCI01 0 lSAV£CZ~CieNATLC20J 
COM~QN /lHA/ NSU8120iolLA&Pl20.71ellaAAI20t71,JLAA~C20o71oiLlATI2U 
le71olL A~ I2CtiSOI,ITl~CJJ2J•lSPLTIIDoZDo2t .. ltJL&VIZOtll 
.leJGICSC &SOl 
CUHHONIHCEIK£'1200 0 11ItJIA•K5AV£11SOI,NAM[Il00o21tiANAAC20o'II 1 1Sr~ 

IEliiC I 
DJ"ENStCN OE12DeiS01 1 llli1SDie1TZil50ioCHICZOioPCHIC201 
IIIW•NAQ 
«2•'" Tl.ST 
lt)•6H 
lf&JAV(oGToll Kl•6HS 
ltJ•6H ,.HOLE 
lfCNQ,£0o21 K1•6H HALf 
"•DZ•6 .. L I STEN 
N•OZa6 "1 [RS UN 
lfiJSP<I '18e~9,'11 

~· H•02a6"SPtAKl 
Na02•6"1CS ON . 

119 PRJ~T ~l,NL 0 HW02 1 N~02 0J4V£.«J 1«2 0KJ 
TOT•O• 
fU&•t~ASCOR 

Cilal• NQ•JAyE 
lfiJSP~oNLoQI QIA•NU•JSPK•CJAV[/NLI 
TAA•l6o 0 IO.I•Rill 
TOT•OoO 
DO 6 l•loliZ 
If CHQDCJ,JI,[QoOI '0 TO 6 
TOT•TOT•ITEMIII 

6 CONTI NJE 
Y•IIA~C OR• I 6 o 
lfiJSPKoNEoOI Y•Y•JSPK 
NW•NIQ•.J&y( 
I• IJSP<oN[oOI hCil•hlQ 
Of •1-IQ-1 
DO 7 l•lotl~ 

7 I TZIII•O 
DO I .J•loti L 
IB•KSUMIILXQ,~~.-J,~OLI 

CHII.II•D•D 
ll•KSU~IlLXQ,~Q,-J,NOLI 
EalhJIIIINQtYI 
oo 8 l•l,u') 
ITZCJt•lTZIII•ILXQIJoll 
IC•KSU"IIL~Q,NLolo NDLI 
0£1.1,JI•lLXQIJoii-CIC•J8/TOTI 
CHICJI•CHliJI•IIIJLIWIJeii-£1••21/!,•CIIlLICiiCJoii-EI••ZI/IY-EII 

I PCHICJI•SGIIFICHifJio-DFI 
PklNT 2SoiCDDEIIIoJORSIIIol•loJAVEI 
DO 13 1•1 o NL 
Cilll•KSUMI1LXQ,NQ 0 -J,NOLI 
"lA•ClAA-Z•QXAJITll 
JF IJTTESToGT.OI A.xx•QXl/T.Xl 
llll•Aa , •IOC 
K•NSU8111 
lfCNCiloL!oZI GO TO 37 
PRJNT 39,NSU8lii,C~AH!IK 0LI,L•J 0 21,RXX,SELIII,CHIIJI,PCHICII, 
ICILlQllt.lloJ•I• ~ I 0 CO!IIoJioJ•l,~ I 

)9 fOMHAT 11~o2A&olF~oloASt2lo1I~ 0 Z'• 'IF6oll 
GO TO Jll3 

l7 P R I H T 3 8 o II 5 U 8 I I I o I '• U! E Ill: o L I 0 L a 1 , Z I o II J X 1 5 E L I I I 0 C H I C I I , PC H I I I I , 
IIILIQCltJI,J•Jo21oiOECI 0 JI 0 J•J,21 

31 fO~HAT ll~o2A6olfSoloRS,Za,zi~,JDaozf6oll 
3333 COIIT INU[ 

lfiH~oLE•"I GO TO JJ 
DU 813 L•!>,,o,~ 



69• 
7(1• 
71• 
72• 
7l• ., ... 
71.• 
76• 
77• 
71• 
79• 
•O• 
••• .,. 
ll• .... .,. 
16• 
lh 

••• 
19• 
90• 
91e 
92• 
9l• ..... 
''• 96• 
97• 

••• 
99e 

IOU• 
I Ole 
102• 
IOl• 
10'1• 
tOfte 
106• 
107e 
IOI• 
lot. 
110• 
Ill• 
112• 
Ill• ., ... 
liS• 
116• 
117• .... 
119• 
uo. 
lZ I• 
122• 
Ule 
U'le 
12ft• 
U6e 
127• 
Ule 
129• 
UO• ., .. 

I• 
l• 
le ... 
S• 
•• 
7• •• •• aD• 

II• 
12• 
al• 
I 'I• 
IS• 
••• 

Ill 
'tO 

llJ'I 

lll/ 
u 

I 'I 

16 

17 

,. 

2l 

2'1 

c 
2!J 
'II 
Z6 
27 
21 
29 

lO 
ll 
l2 
ll 
l't 
lS 

I 

' 3 .. 
!» 

• 
7 

K•L.•l 
I'IKoGTo~UI ~0 TO lll't 
PNihT 'IOoiiL.I~IItjltJ•L.t~I,IOEIItJitj•Ltkl 
fONMAT llbAe'll .. oll,'lf6oll 
C.O TO ll 
~•L•I 

PMIMT lll7eiJLI~IltJitJ•LtlltiO[fleJitJ•ltll 
,OHMIT 1lMlo2J'Ioi0At2,6olt 
CONTU~"E 
oo a .. j•lthq 
ITIIJI•O 
00 I 'I 1•1 t NL 
ITliJI•ILa~lltJI•ITIIJI 
CONTINUE 
PRINT JllloiiTIIJitJ•lt~OI 
'ORNIT (Jilt'll'll 
N8•Nao 
PICINT 29 
00 .. l•ltNL 
ITllti•KSUMIILIAP,kiSCORo•ltNGLI 
ITZIIt•KSuMIILlAA,~aSCOAt•lthDLI 

105 

PRINT lOt NSu~III,CilaiPI(tjloj•loNI~tiTIIII 1 1JLlAAIJojltj•ltNAI,I 
lUll I 
00 17 J•ltNA 
ITIIJI•KSUMIILIAPtNLtJtNOLI 
IT21JI•KSuNil~IIAo~L,joNDLI 
ll•KSUMIIT1 1 NaSCON,Itll 
l2•KSU~IIT2tNASCOR 1 1tll · 
PRINT lit IITIIJitj•JtNII,II 0 IJTZCJitJ•ItNAitl2 
f'IHNT }7 
00 11 I•I,IIIL 
lTIIJJ•KSUMIILaA8,~ASCOR 1•1tNDLI 
IT21&1•KSUNIILIIT,~ISCOR,•JtNDLI 
PRIIIIT lOt. NSu~llloiiLaA81JtjJtj•JtNAJoiTJIJI,IJLlATII 0 JitjPJ,NAI,I 

lT211t 
DO 19 J•ltNI 
llHJ J•KSUM IILaA8 tNL 1 J 1 NDL I 
IT21Jl•KSUMIIL•ATt ~LtjtNDLI 
ll•KSU~IITitNISCON,&, : l . 
12•kSu~ llr2oNISCON,Jtil 
PRINT lit 11TIIj) 0 j•lt~l1 1 11,1lTZIJitJ•ltNAitl2 
PNINT )S 
DO 2'1 1•1,7 
PMINT l6o IIT[MIJI,~•Ioll2,71 
It[ TURN 

FURMIT 11!.11012A,R'I,IH•tl'lllll 
FORMAT IIMie&Oa,•ScOA[S FOA 'tl2ollo216,ll,lltl~61 
fOANIT IIOlt26H~UAitTERS 08SERVE0•£1P[CTEDI 
fORMAT lllA,IlHATTRIBUT[ BIAS tl'll,I6MATTRibUTE TOTAL 
fOHNaT 11'1 1 2SFSoOI 
fORMaT Clll,l'l"lAR~RS FDA LISTENERS ~y aTTiti~UTEStl31,17HATTRIBUTE 

I PRESE~Tol'll , 16HITTH18UT[ aeSENT/Ilo'tHILa1,21'1Xt'I7HVOIC NISL ~US 
2T SIBL &RAV COHP EaPL TOTALtllll 

roRHil llH ltllt2HI t2CII6t'llll 
FORHAT C6H TOTILt2C016t'llJI 
FOA"Il IIH0el7le2iH[ARORS FOR QUAAT(~S BY ITENSI 
FOitMIT C7HOIT[H 8tllol'tiiHiolltiHiollll 
'ORNIT IAatl'tUI 
'ORMIT IIHDtl'11 1 20HEitRORS fOR EACH ITEMtiOleiOHITEHS l•21tiDXtll~l 
IT(~S 2~·S6eJO)eliHITEHS S7•6'ttl0lei2HITlMS tiS•Il21 

'o""'' ''" .s••"•~•~·s••• lNO 

ru"(TlDN KSUH C~KK 1 NN,HRCt~DI 
DINENSIOh ~KKCNDtll 
KSUH•O 
IC•II8SI'•HCI 
N•l ABS C PIN I 

••• IF INN I I t S 1 2 
h2 
If INHtl 6tStl 
DO 'I J•l ,~ 
KSUH•K~VH•K~liJo~l••l 
IlL TUR i4 
00 7 J•ltN 
kSUH•k~UN•K~KICtJI••I 
lit TURN 
Etu) 



I• 
2• 
.h ... 
'-• •• 
7• 

•• •• 
10• 

••• 
12• 
ll• .... 
a!.• 
••• 
17• 
••• ••• 
ZO• 
Zl• 
zz. 
23• · 
2"• 
Z!>• 
z•• 
27• 
Zl• 
z•• 
30• 
3 .. 
32• 
J3• 
l'l• 
lS• 
l&• 
37• 
38• 
39• 
'tO• .... 
'12• 
't3• ..... 
'tS• .... 
'17• .... .... 
!iU• 
il• 
il• 
S.3• 
S'te 
S!t• 
So•• 
:Oh 
Slh 
S9e 
60• 

••• 
6Z• 
63• .... 
6S• 

••• 
67• .... 
••• 
70• , .. 
72• 
73• 
7'1• 
7!t• 

... 

'tZ 

l 

Sv..;WCuT I ••i. fJI•II 106 
a .. TLc.E '< cuot 
(UM~Uh/ALL/C C~(I1~0 1 1 SlLIZOI, .. ~ , .. L,N& 1 NV 1 JTllSToNOL 0 NASCO~,J~UNCh 

l, .. r.,Ja~E,ISIG 1 JSP~,IO~II O I,ISAVl1200JoNATliZOI 

C U 111'1 0 r• I t1 f I L A II L E I I 31 , I 1 5 T , :u A" E I 2 0 I 1 L I I S T I 2 u I o J P ~ a It 
(OtltiON /SCOR E/ PAP171 1 SA~I71,~&AI71 1 SAAC71,PAbl71oSA~171,P&TC71o!t& 
ll171,P ; I81,5VIBI,PTOT,STOT,M&TECIOI,SE~Al(CIUJ,SPOCIO, Ze'tloSPOZI 
zao.z, .. , 

lfiL&ItLEit3lol •h01 LAPLlllli•&H 
lfCL&ItLEIIZio~~·OI LABLtCIZ i •6H 
IFIJ&V !: •"E•II LABLUIZI•t>H'"ULll 
PRINT leiLA8LEI~IeJ•Z,'tloiC00EIIIol•loNQe'tl 
tltO~I•~ N017777 0 oLA~Lf.lllll 

HlO•Z•A~017777BeLS"IfliLAILEIIIIt-121 
HtO•J•4NOI77778oLS~IfliLA8LEilllo•2'tl 
PRJhT 'toiLABL[IJI,J•7oi01 1 M[0.l 1 M[0W2 1 M[0~ 1,LA8LEI121 
PIIJNT !0 
~RINT 6e ~&PclloSA~Cllo~AAclleSAAili,PABIIleSAIClloPATCIIoSATill 
PHINT 7e P&PIZio5APIZI,P&al21eS&AIZI,P&~I21o5&BIZioP&TIZio5ATI21 
PRINT d• P&PCJioSAPC31,PA&I31 1 SAAI31,P&SI31e!oA8131,~ATilJe5ATI31 
PRINT 9t P&PI•II oSAf'l'tl ,PAAI'tle5AA(&ii 1 P&'ll'tl eSAitl'ti,PAtl&ileSAtl'tl 
~MINT 10, PA~t51 1 SAPCSiePAAIS.I 0 SAACS1 1 P&II!OioSA8151oP&TISI 15ATISI 
PRINT llo PaPC&IoS&I'I61,Pa&I61,SAAI61 1 P&Iti;.I,Sabi61,PATI6l,SaTI&I 
~RINT lloiiSPOI9,J,li,SPOZI9,J,IIol•lo'tloJ•l,ZI 
PIIINT 12e PA&I71,5AAI71oPAPI71 1 SAPI71ei'&B17loSA8171oP&TI71,S&TIIJ 
PRINT l't 
INLl•NL 
ISPl•l 
HWOZa u f'N Utl 01' 
N•OZ•6~< LISlE 
J•!>Ze6 >- N[RS 
J ''tl Z••"' " Eot 
lfCJSP~I 'lle't2,'tl 
N•'•OZ • 6 " SPEAK 
oi~OZ•6 ~< ERS 

JNIZ•6"ER 
INLl•JSPK 
ISPlaNL 
CONTINUE 
PRINT 19oiNLl 0 PVI31oSYill 
PNINT ZOoiSPX,PV171 oSYI7l 
NN•l6• ~ Q•N&SCOU •JAV[ 

~HINT ZloNN,Pvl'!leSVC81 
PNJ NT ;z, PVC~I,SYI'tl 
oiNIZ•JP:.Ilohl 
IFIJPU ~ CHoE Q oOI JNIZ•l 
00 't3 I•JNIZ,IZ 
NAAti[111•6H 
PRINT 17oiNAAMEIIIol•lol21,PyCZleSVIZI 
PNINT aS, PYC61 oSVI61 
PRINT &Bo PVIIloSYCII 
PRINT 16oN•OZ,~AOZ,P~I~JoSVIS) 
IF IJPUNCHoNEoOl GO TO l 
PRIIlT 25 
PHINT 2'1 
PHINT Zlo PTO' 
PNINT l't 
PHPlT ~7 , :iTOT 
PNINT 2'1 
PNINT ,r, 
kt. I Vk l• 
PRINT 29 
"IIIINT JOe RU(Ili,SERATEIII 
PNINT Jlo RATEIZloSERATEIZJ,PTOT 
PRINT Jlo RAllllloSEIIIATEIJI 
PNJNT lZ, R&lEC'II,SERAlEC'ti 1 SlOT 
PNINT l~o NAT£1!0J,SERAT[CSI 
IF INNo~T.~I ~0 TO Z 
~" arn z• 
PM PH ~~ 
Ill[ TURN 
"HINT ZP, RAT(16loSER&l£1•1 
11(. 01iJ•M1 

Plt.Oooi'e b to 
IF IJAV L•LToll J .'.OZ•o ll 

• 



76• 
77• 
71• 
79• 

. 10• 
II• 
!U• 
ale .... 
l!ie 

••• 
17• 

••• 19• 
90• ... 
92• 
93• .... 
9Se 

••• 97• 
91• 
99 • . 

100• 
&Ole 
102• 
I OJ• 
lO'Ie 
lOS. 
ao•• 
I07e 
I Ole 
109• 
110• 
I I I • 
1&2• 
llle 
II 'I• 
liS• 
116• 
I I 7 • 
1&8• 
llt• 
120• 
121• 
122• 
IU• 
12'h 
12!i• 
126• 
127e 
l21e 
129• 
l)Oe 

I• 
2• 
l• ... 
!i• 

•• 
7• 
•• 9• 

tOe 
II• 
IZ• 
tl• 
I 'I• 
l!t• 
••• 
11• 

•"· 
I Ye 

lU• 
21• 

.... 
c 
3 

.. 

• 7 

• • 
10 
II 
12 
ll 

... 
IS 

u 

17 
18 

,, 
zo 
21 
22 
Zl 
2'4 
zs 
26 
27 
21 

29 

30 
ll 

ll 
3'1 

!i 

10 

lfC.JAylolToZI ••.;Ol•6H 
lfi.JAV£ oLT,21 ~0 ro 8932 
HLU•I•ttHAyliiAC. 107 
PllDIJoZ•~> t• [u S Y 
CONTJI,U[ 
P~INT ~·. ~(0B t, ~ E0 • 2 0 ~1Jo0lo.J-UZ 
·~RHaT l!ilo 0 1QUALlTT RATINGS NOT fOR SCIE~TifiC USEI 0 ol9lo'IA61 
IClTURN 

FORMaT IIHI,~l,l2HOJAGNOSTIC RHYH[ T[ST 5C~R[5 f0R 0 li,JA6o211 0 1Uck 
l'lollll 
FORH&TISI,22H[IP[AJH[NlAL C0~0JTION 0 Zl 0 ~A6,6l,•OaTt l[ST[~ •,Hz, 

1'1°R2o'I',R2o2Xo'LIST NOo 0 oA6/f 
FOICHAT 1Sio9HATTRJ~UT[ 0 9l 0 8HH[AN fOR 0 ll 1 '1HSoEoo21oiHH[AN fOA 1 '14 1 ~H 

15o[to2lo8HH[&N FORo'llo'IHSoEoo21otiHH[aN fOR 0 '11o'IHSo[o12llt9HATlAit~ 
ZTL,8l,9H&TTAJ~ ti T[t91 0 9h&TTRI8UT[ 1 9J,9HaTTHJ~UTEit2Jl,7HPALSLNT,IQJ 
lo6HA~SE~ToiZX,SHOifFo/l 

FORMAT ISX 1 7HY01CJ ~GoiiX 1 '1CF6oJollof6o2 0 lllll 
FORH&t ISa,8HICASALITYtl0lo'llf6,1oll 0 f6e2olll/1 
FORMAT CSX,IOHSUSTLIITION 0 8X 1 '1CFC.el 1 l1 0 f6ol 1 lAI/I 
FORH&T ~SloiOH S IBILATIONo8X 0 ~CF6ololltf6o2olAI/I 
fORMAT ISa,9rtGAAV£~ESSotl,'ICFC.ololl 0 F6oZo3XIII 
FOR"Al 1Sxoi1HC0MPACTN[5So7X 1 '1CF6olo31 0 F6o2ollll 
FORMAT IS1 0 13HEIPERJM[NTAL 0 Sl 0 '1lffl 0 1 0 ll 0 F6oZ 0 llll 
fORMaT 181 0 ISH6ACK YSe FRONT oZio'IIF6ololltf6oZtJIJ/IIoiShBACK VSo 

I HlDOLEo2lo'IIF6olol l oF6o2ollll 
fONMAT I/IS7X,IlHVOatL C0NT[IT,8lo'IHH[ANo81o'IHSeEol 
FORHAT 1Sa, 0 A[MAA«S:IIEXP[RJH[NTAL ITE~S ARE N0T't20lt'IHCUH1oll1 1 

lf6olo6loF6oZI 
fORMaT llllo•21ALL 5eEo 1 tiM' 1 'S BASED ON H[ANS OF •,ZA6,Sl 1 '1HIAH1t 

l•lla,rc.o&,,a,ra.z,,, 
FONII&T ISAoi Oh SPta .:(RCSioZltiZAloBI 0 '1HI001oiiX 1 f6olo6ltf6oZI 
fOAHAT lt7X 1 1 J NCLuOEO I~ ANY SUHHAAY SCORES•'•&lXo'lhiA-IoiiX 0 F6olo 

l6loF6 0 2 1 
FOR"Al 1Slo 1 NW~8[R OF LISTENERS 0 ol~t3l1 0 '1HI[EiollloF6olo6a,f6oZI 
fOIIHAT ISA, 0 N U ~8l~ Of SPEAKERS 1 ol~olli,~HIIHioiiX 0f6olo6A 1 f6oZI 
FORHar ISao'ONT ~ONOS PRESEN TE0°ol9oZ8X,'IHIEHI~lllof6elt•lof6oZI 
FORHaT lbll,~tdATI tlllt 1 fl>oi 1 6X 1 f6oZI 
FOII"AT ISS XoiHlo6l 0 ISHT0TAL ORT SCO R[,~ X ofbolo6lto1Hal 
FOMHaT ISSlol ~lo3 7 l,IHX I 

FORHIT ISSiol?HAXAIIIXIII XXIXAXltlllllllllAXXXAAlllXllll 
FURH &T IS ~ Io37 HII A )XIXIIJlXXaaxX X IIIIXIA l liAIIAkkllll 

f ORMAT I S!tXti~Xo6 X oi~HSTA ~OARO ER~ ~R 1 SXt f l>o2,c.aoJHXI 
FOR"AT 1Sx,I8HH0U~" YS SIIOOTH of'lo2ollotSo2oZDiol7HlliXaaaxAlliA 

IXIXXX4111AIXIllllA&IIXIII 
fONMaT ISX,ll HY UALITf RATINGS 

lllllXIIII XIlll l llAI41XII I 
fOA"AT CSaoi8HS0FT YS LOUD 
FORMaT lSI ,I fiHT AEBL E VS BASS 

IRT SCOR Eo~l,fl>oi 0 6A,IHII 
FORMAT IS a 1 181iUIII PL!>tH VS PLSIIT 

10 ERRo~.sa,FaoZo••·l"al 
FORMAT CSX 1 18HUNCL EAA YS CLEAR 
fOR"&T ISXoiBHV~NATo VS NATURAL 
EHD 

fUNCTI ON PP.8fiOA,o~,FIII 
.. Mitf•loO 
If IDA • Ll• u . ~ J I<( T U R t4 

IF Coe •LEo CoOl AfTUAN 
IF IFR oL[o CoOl ICLTURN 
If IFH oLt.o I oO I GO TO s 
A•oA 
14•0it 
F•'R 
r,u To 1 n 
••oe 
~·n• 
F•lo')lf ~ 

AA•2oOII9oO•AI 
llt1•2o0/19oO•III 

of'4o2tllfSoZoZOloiH1olSXoiHXI 
0 F'Io2 0 3XFSo2 1 ZOI 0 IHA 0 '1X,ISHTOTAL 0 

1 F~ 0 Z 0 3Xf~o2 1 20A 1 IH1,3SX 0 1Hat 
of'le2 0 JafS 0 2oZUloiHlo3SXoiHX1 

Z•a&SII llo O •~ b i•F••ollllll•I.G+AAI/SQMTIPU•f•••6•6c.b7+AAII 
It 13oLio'fo l'..' l i•l•l • o O •o O ,.ol••~I L .. • l l 
rw~f•o ~ lllo 0 • L 'Ioi Y6 8 S'4+Z•IoiiSI9'1•z•loV003'4'1•Z•oOI~S271111••'1 
PIF H,l Tolo CI P'liu••toO•~'HIIF 
hlli..IUI 

li•U 



I• 
2• 
l• 

•• 
S• 
•• 
7. 

•• •• 
ID• 
lie 
12• 
ll• , ... 
&!>• 
16• 
17• 
II• 
19• 
lO• 
2h 
22• 
2l• 
2'1• . 
2S• 
2•• 
27• 
z•• 2•• 
lO• 
lie 
l2• 
ll• 
l'l• 
lft• 
l6• 

• 37• 
31• 
39• 
'tO• 
.. ,. 
'12• 
'13• ..... 
.. s. 
'16• 
'17• .... .... 
SO• 
Sl• 
SZ• 
Sol• 
51'1• 
SS.• 
s•• 
fth 
Sl• 
S9• 
60• 
6le .,. 
63• .... 
65• 

••• 67• 

••• ••• 
70• 
7h 
72• 
7l• 
7'1• 
75• 
76• 
77• 
71• 
79• 

su~~ou t~t 'lhrS 
I ••TlC.L - {Lo ll [ 108 
tU~~U~/~LLJ(U~lii~ C I,SlLIZOI,NQ,NL 0hA,N~,~TT[~T,NUL,NA5CO",~Puutto 

I , 11P., JA v l t I C I(., JSI'' , I OP I I U I , IS AV l I <t r:lO I t ti AlE I ZU I 
CUHHOt• ll•fl LAi:ILEIIJI,JlST,IUAHEIZ () I , LliSliZOI,~f'loliC 

CU~Hn~ I~C0~£1 P•l'l71oSAP171,PA&I71oSA&C71,PAbl71tSA~C71,P&l171oS• 

llC71,Pvi~I,SVI~l,PtnT,STOT,N&TEIIUI,SER&TLIIOI,SPUIJO, 2,'tloSP021 
zao.z,.,, 
Dl"LN~IOII OIID,2e'll 
00 I l•l t l 0 
00 l ~·I • 2 
t'O I 1t•lt3 
O&loJ 0 1C I •6H 
Ollolol 1•6HfRICTI 
Ollolo21•6H0tiAL 
DlltZoii••HhO~tNI 
0Cit2eZI•6HCTIUIIA 
Ollo2oll•6HL 
012tloll•6HGAA~E 

ocz,z.I•••Haturt 
0Clololl•6HVOICED 
0Clt2oll•6HUNVOIC 
Ollt2o21•6H[O 
Ol'loloii•6HVOLCEO 
Ol'lt2oll•6HUNVDIC 
Dl'lo2o2l•fll-iE0 
01Stleii•6HVOICED 
01St2tii•6HUNVOIC 
01Se2o21•flHEO 
016tloll•6H STO 
016oleZI•6HPPED 
016o2oll•6H u~s 
016o2 1 2l•~HTOPPEO 
017eloll•6HV0JCE0 
017t2ol 1•6HUNVOIC 
017t2o21•6H(0 
Olltloll•6H SUS 
Olltlo21•6HTAfNEO 
oca,z,l•••" un 
nlaoZoZI•6H[RRUPT 
oca,z,J••• .. Eo 
0C9olo21•6H801 
0C9,z,zi•6HS/f 
NPZ•NO•I6eN&SCOR•~AV[ 
tiEO~I·~H0177718oLA ~L[IIIII 
ti[O~Z·-~OI77778oL~HJrTCLAIL[IIIlo•IZII • 
H[01J•&h0177778oL5HifTILAbLlllllo•2'1JI 
fllfC IN T S, I L AILE I I I , 1•2, 'I I , I L &8L E I I I t I • 7 , 9 I , tiE 01113, HE g,.z, liE O,;a 
PRINT 6 
PRINT 7t PAPIIIoSAPIIIoPAACIIeSAAIII,PA8111o~A8111,1'ATIIIt5ATIII 
kl•l 
If IIOPIKIIt(O,~I PAINT 'It tOIKitltJioJ"Ie3leiSPOI«Ioltllt5POZCKit 

llollol•l,'ll 
If IIOrlltlJo[O,DI ~RINT 'It IOIKltZt~lt~•lelloiSPDIC&t2tlleSP021Kat 

&Zolltl•le'll 
PRINT 8t P&PC71t~API2loPAAC21oSAAI2J,PA8C~It~AII21,P&TI21eS&TI21 
lt&•KI+I 
Jf IJOPIItllo[Q,OI PfCJ~T ~. IOCcaeloJioJ•IelleCSPDC«aelolleSP0211tlt 

lltlltl•l,'fl 
If IIO~IKl)o[Q,OI ~Ht~T ~, IOIKieltJitJ•IelloiSPOIKAt2tlltSP0211tlt 

llollol•l,'tl 
P"J h T Y, f'l PC) I o!>l.t 131,ri,A illo~A&Ili,PA(.CJi oSAeiJI,P&TI3J,SATI31 

"•·"··· U I&OPI P: llo(Ciolil f'RINT 'It IOIItltloJitJ•I 1 31oiSPOI«lololltSP0211tlo 
llollol•lolfl 
If IIOPCK&Io[Q,OI PAINT '1, IOIKitZt~ltJ•Itli,ISPOIKit2tlltSP021'-It 

12tlltl•l,'fl 
PAINT i O, PAPC'IIoS&PI'Il,PA&I'fi,SAAI'IItPA81'ti,S&814JoP&TC'II,S&TI'fl 
ltllaiC)tl 
If CJOP ik&lo[CI, OI PRINT 't 0 COIICitlt~lt~•J,JloiS~DIKAtltiJ,SPOZCit&o 

llollol•le'll 
It IJUPC~IIlo£~. LI •HJ~T '1, IOIICl 0 2t~ltJ•I,31 0 CSPOIKA 12oiJ 1 5~02CkAo 

IZoll,l•l,'fl 
PHI~T lit ~&PI~I,~arCSI,PA&ISI,SA&I~It~&8C~I,S&~I~ItP&TISI,5&TC~I 
ICJ•ItJ•I 
It Cr o•· cK x •. lC.O ol' l I'I( Jitl 'fo (['. fr.1.oloJie~•l,)leC~PIIC~IItlolle!>P(I21o.llt 

lltllol'"lo'tl 
If IJQP I•Aio[~o O I PAihT 'It IOIKae2t~lt~•ltlloiS~UIIt&o2ollt5P02C~at 

IZtllol•lo'll 



10• 
Ill• 
Ill• 
ll• .... 
15• 
16• 
17• 

••• I•• 
90• 
9h 
9Z• 
tl• .... 
95• 

••• 
97• 
•I• ••• 

I DO• 
IGI• 
IOZ• 
IOl• 
10'1• 
aase' 
ao•• 
107• 
101• 
ao•• 
liD• .... 
1 U• 
Ill• 
11'1• 
u•• 
116• 
117• 
Ill• 
119• 
120• 
Ule 
IZZ• 
llle 
jJ'I• 
IZS• 
u•• 
Uh 
121• 
IZh 
llO• 
llle 
Ill• 
llle 
ll'f• 
us. 
u•• 
ll7e ,, .. 
u•• 
I 'fOe , .... 
l'fl• 

•• 
l• 
le ... 
~· •• 
7• 

•• •• 
aD• , .. 
ll• 
al• , ... 

, .. 
·z .. 
as 
l 

ll 

17 

18 

' c .. 
s 

• 
7 
I 

• 
10 
II 
u 
ll 

l 

l 

&a•&a•a 109 
If ltOPIKIIo[UoDI PRINT '1, lOI&IoloJit~•l,)I,IS~OI&&oloiJoSPOZI~a 1 

llolloJ•Io'll 
If liOPI~IIo[QoCI PNINT 'lo ICI&ItloJio~•lolloiS~Oia&oltlloSPO~Iaa, 

u.u.a•a, .. t 
'RI-T llo PAPI61o~A,161,PA&I61oSAAI61tPA~I61tSA•t6Jo~ATI•'•S&1161 
&a•lla•c 
If IIOPI&IIoEWoOI PRINT '1 1 IOI&IoloJio~•lo)loiSPOI&&elolloSPOli«Ao 

llollol•lo'll 
If IJO~IItllo[Q,DJ PRINT '1 1 IOICitloJitJ•lolloiSPOiaaololloSPOZ&aao 

IZtllol•lo'll 
ICI•&I•I 
If I&OPI&IIo[O.r.l PNJNT '1 1 IOIWioloJio~•loli,ISPOI&a,J . IIoSP021~a. 

llollol•lo'll 
If IJOPIItllo[UoOI PRINT '1 1 tol&loZo~lo~•loli,ISPOiaa.Zol l oSPOZiaa, 

IZollol•lo'il 
lli•ICI•I 
If IIO~I&IIo[U 1 01 PMINT '1 1 IOI&Iolo~lo~•loli,ISP0 1 &AololloSP021aao 

llollol•lo'll 
If lJOPCICIIo[UoOI PRINT 'lo lol&ltZo~l•~•lolJoiSPOiaaoZolloSPOll«ao 

az.u.a•a ... , 
PRINT llo PAAC71oSAAl71 1 PAPI71 1 SIPI71oPAII71,SA~I7JtPATI71 1 SATI71 
PRINT a4 
l'tJPQaR,GToOI GO TO Z 
PRINT l'l 
fOR"aT 11/1 
50 To l 
PRINT l6oCN&&H[IJioJ•IeJPQIRI 
PIIINT lSoiLIIS11~1 o~•lo~PQ.Cin 
fOR"AT IS1 1 SP&RISI• 1

1 llo20&.1 
fOR"AT 1Sao 1 LISTI~I• 1 o2DA•I 

NIOh6 .. LISTEN 
NaOZ•6H[ItS 
lftJSPKoEvoDI GO TO ll 
... Ol•6"5Pl&K[ 
NaOZ•6wR5 
CONTINUE 
PRINT 32 
PRINT 17,N•Ot 1 ~eOl 1 NL,PTOT 
'Dit"&TISI, 1 NUK8ER Of 1 eZA6 1 IloJ7IoiMl 1 SI,•TDT&L OAT SCDR£••f••lo'IA 

ltlHll 
PRINT 18eNPZ 1 STOT 
fOH"&T 1Sa,•~UM8[R Of •oROS PEA T[ST•ol8tlOI 1 lHioSXe•STA~~~~~O E H~ U 

IR•'•'•·l,sa,aHat 
'RINT 32 
'OR"&T 167ao 1 111111111llllllllllllllXIXlXaaxaa•J 
II[ TURN 

,OII"&T ISaoZA6 1 ASe'llf6oloSlef6o2oSlll 
,OaMaT IIHle'l&e'Cu ~ TA&tTOk: •eJl6 1 SA, 1 TEST CONOITIO~: 'lA6 1 Sa 1 

i 1 0ATE ltST£0 1 oR2e'l'oiiZo•/•,RZI 
fOII"&T llllo6HPRlS~T,71o'IHSoEotSX,6HABS£NT 1 7l 0'1HSo[o 1 Sio'IHBI&S 1 9a 1 
l'IHSoEooSXeSHTOTALe~le'IHSoEol 
'OR"AT l/'lle7wV01CINGe91'11f6ol,51ef6o2 0 SIII 
•o•"&T l/~·•8hUAS&LITYo8Xo~Cf6 1 ltSl,r6o2t~lll 
fOR"AT l/'lle1JHSUST(NTI0~ 1 6l 1 ~Cf6o1 1SX 0 f6,Z 1 Slll 
'OR"&T l/'iloiO~SJ81LATIOU,6Xe'ICf6oloSXef6o2oSlll 
fOR"&T ll'lae9H~N-VLNESSo7& 0 '1Cf6oltSX 1 f6o2 0 ~lll 
fgN"IT II'IXoli~COH~&CTNESSoSlo'llf6oi 1 Slof•oZeSXII 
fOII"AT l/'lltiJH(XPERI"EHTAL•ollo'llf6oltSlef6o2eSlll 
tr.O 

fUHCTJOH S~NfiTtOfl 
swr•f ••" 
If C Of I I 1 2 1 l 
Df•Df•-1 
lfiPR8fiOfoiOO~oo110floL1o oOSI 
lfCPIIIf IDfoiCO::•oT/OF"IoLTo oOI) 
If cP11e• cor .aoc.~. ,r,o, 1 .L' ,,oo1 1 
RUU•N 
SGr•r .... o, • o 
NLTUt!ll 

SloNf•loHP<oO!t 
SGNf•6HP<o01 
Sr.Hf•6HPC 1 001 

ltCPaurca.o.nr .T••ZI.LTo .~s1 sGNf••~rc.os 
lfiP~BflloCo ~feT••JioLTo •"II SGNf•A~PceOI 
HCI'IIt:lltonera,l••lloLTooOr.tl S(oNf•6 .. PcoCCI 
NLTUMN 



I• 
2• 
le ... •• S.• 
•• u 
7• ol 
•• •• ... 

JOe ·~ II• 
IZ• •• ll• 67 .... 
l!o• 68 , .. 
17• 

:• 
z. ( 

l• c .... c 
So c 
•• 
7• •• •• ao. 

••• 
a2• 
1l• 
I"• I 

••• l 

••• l 
17• 

••• .. ,,. 
ZO• 
21• 5o 
ll• 
Zl• 
2"• 
2~• 
z•• 
27• • z•• , .. 
30• 7 
ll• 
Jlo 
ll• 
l"• 
JS• • 36• 
37• 
Jl• 
J9• 
.. o. • .... 
~i· · ~ .. l. ..... 
'1!.0 ll .... 
'17• , .. .... .... 20 
S.O• JS 
SJ• 
sz. 
S J• .. 
!-'I• 
~!.· 

~·· c 
!o7• II 
!>•• Jl 

~·· 60• 

fU•I(fJ (:•. Pll!!t.I UI.,D.,,,., 
Pat' i<Uf I DA 1 (J;J 1 t J 
It .......... z ....... 110 PktiL•O" 
Wt,IURN 
lf1P•o 0~16fl 1 .3,63 
PWliL.ao r 1' <ol0 
R&.TUrtto 
lfiP•eOilo6o6S.,O~ 
PRBL•6•f'< • 0~ . 
Rt.TUilN 
lfCP•,rO&J61 1 e7 1 67 
PNdL•6 .. P<e0l 
R£.TURr. 

PNBLa • ..,P<oOOl 
RET UlliN 
LNII 

fUhCTI~~ ISUs 1~1 

T~IS ROUTJN~ KEEPS A LIST Of SUeJ[CT ~U"Bt.RS USED fUR A LIST 
AND ALLU~S f~A DiffERENT StOuENCES Of Sus~ECTSe IT N£TURNS 
AN ARB&Tq4Ry ~UH~ER ~HlCM IS (O~SlSTANT fO~ ahy O~E SU8~ECT 
IT ALSO CHECKS fOR 8AD K[TPUNCHI ~G 0111 TOO HAUY SUBJECTS 

INTE40E,. CODE 
(0HNON/ALL/CODEIISOI,SLLCZOI 1 NQ 1NLoNa,kV 1 JTT£ST,NDL 1NASCOReJPU~C~ 
loNRoJAYEoiBIG,~SPK,JO~ClCI,ISAVEIZ~~~ tNATECZOI 

COHHOh/HCEtr.[yi20Do'lloJIA 1KSAVECI~OJ,NAHECI00 1ZloiAtoiiCZOo"l•1SPK 
I U II 0 J '. 
DIHENSION INA~EIZCJ,ISPAIIICIOOJ 
If C~oNEeZHAAJ GO TO II 
DO I l•loiOD 
JSPARCII•O 
00 l l•lol~ 

INA"[CII•O 
Rt:TURN 
corn a~o:..E 
IF CJe[Qe2H8ll r.O TO 2 
If lJo ~Ee2HEll GO TO 7 
READ llo KOP 0 KS~8,toA~I,IoA"2oKPO 
lf ICOPoN[,QJ G~ T~ 6 
NANECKSUBoll•bA~l 

UAHECK~UBo2)•H~M2 
If CKPOe NE,OJ NETURN 
GO TO S 
ISPARCio:OPJ•KSUB 
If IKP O•IIIE•OI AETUAN 
GO TO !o 
lfCJoLTo•991 C.O TOll 
lfCJoLToOI GO TO 16 
lfiiSPARCJioNE 1 0l ~•ISPARCJI 
NSUB•NL 
1•0 
I•I•J 
IF IJeGTeNSUAJ 60 TO 10 
IF IJ.~Q·I~A"ECIII GO TO 9 
If IIN,~ECllololeOI GO TO I 
I._A"CC II•J 
ISUB•I 
RETUR!w 
"n.;:,y 12, ', S u iJ ,tJ 
·~1.18•0 
liE TURN 
IHUIU•-dSCJI 
00 l't K•loJSPIC 
lfiNAT[(KJ,[OotHEHul GO TO 15 
PRINT 70 
f~~"ATt t lhlLI~ISLE SP[AK(R 00n ~FIELD 1 1 

I sue·~ 
IIIE"u•..: 
Itt. TURN 
JSU8al.;[f1U 
J•fRr."u 
Ht.TUilN 

tu~""' ll2ol2o2AoZ••••n•,rzl 
fOH"AT IIOl 0 7l~•••••••••• "OIIf fMAN 1 l1 1 12 1 llollHP•ES~NT Se• 1 11~.1 

l(lt'! O ••••••••• I 
l f•i.l 



•• 
Z• 
l• ... 
!o• 
6• 
7• 

•• •• 
10• 
II• 
&2• 
ll• .... ... 
16• 
17• 2 

••• ••• ZOe 
21• 
22• 21 
Zle 
Z't• 3 
ZS.e 
26• 
27• 
z•• 
29• 
30• 
lie 
32• 
33• II , ... 
35• , .. 
37• .. 
38• , .. 
.. o. ... .... 
.. z. 
.. ,. ..... .... 
.. s. !> .... 
'17• .... .... 
SO• • Sol• 
sz. 7 
Sle 
S'te • 
S~• 

!16• 
S7e 
S8e ' s•• 10 
60• 
61• 
6Ze 
63• 12 
6 ... 
65• 
66• 
67• 
61• 
••• 13 
70• 
71e 

SUBROUTih( "AlfN' CI~CI 
ll'flE5E W COO£ 

111 

COHHON IALL/CODECISCioS£LI2Dto N~ohRL 0 tfA 0NV,~ll[SloNUL,NASCOA 0 
l~ruHc , , ~N ,~AVEoiiJ6o~Sr«,JOrcJDioiSAVCZODI 

COHHOh /SCORE/ raPC71oSAP17J,PaaC7toSA,I7l,PA8171o~a~I71,PalC71oSA 
ITC71,P~I II,Sytii,Pt0ToSTOteRAttCIOioStRATLIIUJ,SPOCIUo 2o'lloSP021 
21Dolo'll 

COHHON IHFI LA~LEC131oiTST 0 NAA~EI2~1 1LJISTC2Dlo~PQaM 
OIH[NSION PAaTEIIDt,DHAT£ciOo20o801 
IHTE'E~ ANAH[ 1 ALIST 
HL•I'fiL 
If IJhCI loSol 
CONTINUE 
00 l l•loiD 
DO 2 ~·J oNL 
OOZK•IolD 
ONAT[I~o~oii•OoD 

NQlL•O 
oiPQAR•O 
Do 21 a•a,zo 
NAAH[CJI•O 
LIISTCihO 
RETUR~ 

ANL•HL 
Nl,llL•N wlL•I 
I•NQlL 
ANQlla uQllL ...... 
IF' I tr4C•LT •-II IHA•-1 
DO .. ~.J•loN8L 
RLAD lloANAH[,al1Sl,JL 0 1PRal[CKioK•J, 71 1LABLEIIJI 0 CLABLEIKI 1 K•2,~ 

lloCLA8LEI Ki oKa7 1 91 
F'OAHa~ l'lloA2,A'Iol 2 o7F J .O,A6ello3A6 1 lll 0 3A61 
.J•ISU811LI 
IF'I.JSP~·~ToOI .J•IS~BC-A~AH[I 
DO 'I K•I,NR 
DRAl[l ~ ooloii•DAAT[IKo.loii+PRal£C«I•I"A 
DO 'II .J.J•lo.IPwlR 
IF'INaa nEI.J.Jl,[QoANaHEI 50 TO 'l't 
COt4TJN vf. 
.JPQlA•.JP~xA•I • 
NAAH[I.JPQIAlaaNAH[ 
LIISti.JPQaRI•ALIST 
A[ TUAtl 
DO I «•lotfR 
1EHP2• C•O 
DO 7 .J•IoNL 
TEPIP•OoD 
DO 6 l•loNIUL 
1[HPacHAT£1K 0 .J,II•T[HP 
DNATEI ~ o.J,Il•TEHP/ANQIL 

1[HP2aT£HPtahQIL•TE HP 2 
RA1[CKI•l[HP21ANL 
CONTINUE 
LID IO ~c a,r.R 

TEHP•o.o 
DO 9 ..1"1 t NL 
T[HP•CIOHATECK,.Joli-~AT[CKII••zl•TEHP 
SLNAT[CKI•SQRTIT[HP/C~L-111/SQATCNLI 
lfi~AVL•6Toll GO TO 12 
LA.LEC121•ALIST 
LAIL[CI31alNA~E 
CONTIN UE 
lfi.JTTESTohEoCI ~0 TO ll 
RAT£111•1,-~,TEIII 
RATEC21•8,-AAT l l21 
RaTEC'IJ•@,-AaTEC'Il 
RATlC61•h.-~at£16l 

CONTIN U( 
RLT"NN 
Et.D 



I• 
l• 
l• ... 
!.• 

•• 
1. 

•• 
9• 

lO• 
ll• 
12• 
ll• 
I 'I• 
U•• 
16• 
17• 
18• 
l9e 
20• 
21• 
22• 
2le , ... 
2S• 
26• 
27ft 
Zlh 
29& 
JO• 
Jl• 
J2• 
ll• 
J'l• 
lSe 
J6• 
J7• 
J8• 
39• 
.. o. 
'II• 
.. ,. 
.. l. ..... 
.. s. .... 
'17• 
.. il. 
49• 
so~ 
Sle 
S2• 
Sl• 
S'le 
S'io• 
.,. .. 
S7e 
Sl• 
S9e 
60• 
61• 
•l• 
•J• .... .s. 
••• 
67• 
61• 
•9• 
70• 
71• 
72• 
73• 
7'1• 
7!1• 
76• 
77• 
7 1h 
7• • 
t• U • 

oU• 
oz• 
ll• , ... 

9 

10 

2 

3 

.. 

6 

7 

.. 

SVR RO~II~[ STD~C 

l toTL<.l ·· (.O tJ E 112 
C UM"O PI I ALL 1 COD E I I !>C I , SEL 12:ll , NJI Q, NL , NA ,NV 0 ,JT 1 (51, NDL ,NAS(IJN ,.,lt'Uh( to 

I o t, R o J A • l o I ~ 1(, o J ~I'" , I C. P I I l l ,IS A V ll 2 !' :)1 0 t: AT L I :i U l 
tU"M O ~ IS( O~ ll PAP17J,~;PI7l 0 PAAI7t 0 ~AAI71 1 raoo71tS4bi71,1'ATC71o ~ • 

IT I 7 I o I' < I IS l , S VI ,; I ,P T 0 T , S T 0 T , JC AT [I I 0 I , SE R I. T E I I~ I , SPU II U, 2, 'I I , SPC;t t 
21U,2 1 '11 

CO""Oh llAHI ~SU811UI oiL&API20,71,1LJAAI20 1 71, l LAA812Ut71tlL&ATIJ U 
lt71tiL • ~I20,) SO I,ITl ~ I1121,1SPLTII0,20,2,'11oiLJIVI2D,81 

CALL H•T!NG COl 
T ;.~' •O 

If IJ1T l ST,~E.~I 1•l00o00 
NQ•NJC:t.JAV[ 
AA•r.Qe t·· L 
H I.JSP~•CiToOI c.O TO 8 
Ut18SaNL• I ti L •J I 
00 l l•ltNA 
Sa•KSu·; I I LJIAP , :,(. t I 1 NDL I 
Sli2•~S~~ IILJIAI't•NL 1 l,~DLl 
StoPIII•SURTI62!>o•CSJ12•S&••?INLI/U~B SIINQ 

PAPIJI•CC,A• 8 ,-12•Saii/IAAe&,II•IOOo•T 
Sa•KSu~ tiLAAA, NL,l 1 NOLI 
SJ12•1CS U"II LlAA ,-NL ,I ,140L I 
Stoloiii~SQRTI62S••I,JIZ•S&••ZINLI/UN~SIINQ 
PAAiti•ICA~•Io•IZ•SaiiiiAAeboii•IDOo•T 
Sa•ltsu ~ I I Laae, r. L,I 0 r;oLI 
5JIZ•~S~ H I:LAAb,•NL 0 I 0 N IJLI 
Sto81JI•SQRTI625••1>&2•SI••21NLI/Uk BSIINQ 
PABIJI•I'APIIl·PAACtl 
SI•KSU ·· I I L&AT , "L,I,NOLI 
5&2eiC5U"tiLlAT 0 •NL,J,hDLI 
StoTiti•S ORTICS6•2S•ISJI1•Sa••2/NLI/UNASI/N~ 
PATIII•IPAPIII•PAACIII/2o 
GSJI• O• 
GSJI2aO, 
N" Y• N&: 
lfi JSP~ •E~o O I N~C:· ~ Q 

DO 2 lai, NL 
SI•OoO 
sa2•o. c 
sz .. •o. c: 
SZ12•0o0 
18•96o <: 
lfi.JSP( oh E oOI aB•JSPIC•~••O 
DtJ 10 ICU • I, NH(,j 
SX•SI•ILA QCJ,K ; I 
SJ12•sa z • IL,Q I C ,IIQI••Z 
sza•sza•cca s -z.o•ILa9CJ,~OII/l81•10o.o 
5Zl2•S l 12•11Cab •2• : •1LIQII,I(Qll/l HI•cOOo01o•2 
85 & • I I . • Q • 9 co, 0":" I 2 • 5 a I II I NQ •96 o I I • l 00 o • T 
6Sl2aC.~lZ•HSit•2 

GSll•c;s a •esa 
S~ L IJI • SuRTC& a SC C Slli2•5ZX••2/ NHQI/INHQ•C~HQ•JI I I 

SlOTa$ N TCA8SICGSxZ•GSa••2/NLI/INL•I~L-IIlll 
PTOTa(, ~ ll/ "i L 

00 S K•lo9 
00 s ..... 2 
DO 'I l•l '" 
SPOIIC t.ltll•Q,O 
SPOZIK ,.J,II•OtO 
00 l L•I 0 11L 
S P 0 I IC, J o I I a SPO I K , J, l I • I Sf' L T I K t L, .I, I I 
SP02(1C,J,lt•SPO~Cit,.J,II+I~PLTCICtLo.ltJI••2 

SP 0 2 I r< o J o I l • 2 • • Sl'llll I co 2!> , • I SP0 2 C IC o .I o I I •SPO I IC o .I, I I • • 2/ ~L 1/~ •411 ~ II Noo 
H llolh'll SP02CK, J ,ll•SPnziiCo.Jt ll /2o 
SPOIIC,.J,II•CAAe'lo•Z,eSPOIIC,.J,III/IAloe'l,lelOOo•T 
SPDIICo J tli•SPOCII,.Ioli•SPOCIC,.Jo71 
SPOIICoJt'II•ISP01Kt.Joli+SPOCIC,.J 0 21112,0 
COIH !NV ( 
DO 7 l•lo8 
Sa•o.o 
Sa2•o. c 
DO • J• l, t.L 
S&•SI+ I LlVI.J,JI 
5&2•Sa ) •)Lli1Joll••2 
)VIII •~~~T I278o~S~• •C~I2•S•••Z/NLI/ UN851/~~ 

Pvlll• l IAA•I2o O•C 2 o ~ &II/CAa•l1o O II•J Q0o O•T 
"L TVCI'I 
Il l ,,.,L 
NW • ~ J J • ~ l ti.JA~ ( /.J~ P ~I 

NL•J~P' 

J~t' lt • 1 T t 
100 to ., 
l~O 



I• 
2• 
3• ... 
!>• 

•• 
7• 

•• •• 
tO• 
II• 
12• 
tle , ... 
tS• 

••• 
17• , .. , .. 
zo. 
21• 
22• 
Zl• 
2'1• 
Z!te . 
z•• 
27• 
28• 
29• 
lD• 
.)1• 
32• 
ll• 
l'l• 
3S• 
3•• 
37• 
38• 
.)9• 
'10• .... 
.. z • 
.. 3. ..... 
.. s. .... 
.. ,. .... .... 
so. 
s • 
SZ• 
!ol• 
S't• 
ss. 
s•• 
57• 
S8• 
S9• 
t.D• 

••• 
62• 
{) l• 
&'h .s. 
••• ,,. 
t.8• 
t.9• 
70• 
71• 
72• 
73• , ... 
7!>• , .. 
77• 
78• 

''· 80• 
Ill. 

82• 

l 

l 

.. 

r. 
• 
7 

c 
c 
8 
9 
10 

II 
1Z 

13 
11 

.. 
17 
111 ,, 
20 
21 
22 
23 
2'1 

SUtlliOuTIIIol TTSl 
IIIIHGl -' CuOE 113 
(. Ur "Or./~ L L I ( C L r I l !o t I , Sf L I 2 ( I , h ll , IlL o t, At'-\ t .J lll !o T t ••tiL , ,, ,_ S C (;;, t .JP 1.1 r. t •· 

lo Uh oJAoloiUlG,.J!oP~,I~PilUI,I~A~[I20CioN~TLI2Ul 
CUt!tl(l N 15(01<[/ .,AP171 0 SH'I71,PAAI71 0 SAAI71,1'Abl11o5AIII71,PAT171oSA 
IT171 1 P~I81 0 5VCPI,I'TOT,SlOT,R~TEIICI,SERaTLIIUI,!oPOIIU 1 Z,'ll,!oi'OJI 
21o.z, .. 1 · 
Olt!lNSIO~ SlGISo81 
Of•r.L-1•0 
..Df•IIIL•I 
00 1 ,., ... , 
PAPIII•A&SIPaPcii/SaPIIII 
PAAIII•A8SIPAACII/5AAIIII 
PABIII•ABSCPaeiii/SA,Illl 
PATIJI•AbSIPATIII/5411111 
00 2 t•loNY 
PYili•ABSIP¥111/SVIlll 
PTOl•A~SIPTOT/STOTI 

00 3 ,., ... , 
SJGC 1 1 1 I•SiiNf I PAP I II ,OF I 
SIGC2,11•SuNF1PlAIII,Dfl 
SJGileii•SGNfiPABCIIoCfl 
SJGC .. ,II•SGNFIP•TIII,OFI 
SlGTOT•SGNfiPTOT,OFI 
PRIIIIT &So ICOO.EIIloi•I,NO, .. I 
PlfJNT 16 
PRINT 17, PaPIIIoS1GCI,li 1 PaaltltSIGI2,lloPASitle51GI3olltPATIIIoS 

liGC'I,II 
PHINT IBt PAPilloSIGI1,21oPAAI2lo51612,2l,PAb121o5lullo21oPATI21 ,S 

"""·2' PAINT 19 1 PAPI)Io51GII,.)I,PAAI31oSIGI2,31oPASI31oSI~I3olloPATIJI 0 S 

J '""·3' PRJIIIT 20, PAP1 .. 1,5IGC1 1 '11 1 PAAI'IItSIGIZ,'IIoPA81'11oSiul3t'II,PATI'IIoS 
I Hi I 'I, 'II 

PRINT 21 0 PAPI ~I ,5JG(I 0 SI,Pa•ISI,SIGI2,SioPAbiSio5IGIJo51oPATI!ol ,5 
iiG1'1 1 SI 

PHI NT 22, PAP,!.Io51GII 0 t.I 0 PAalt.loSIGC2 0 t.loPASit.loSIGIJt'I'PAT1t. l o5 
I I Ci I 'I , 1> I 

PRINT Zl 1 PAPI71o5JGI1 1 71 0 PAal71tSIGI2,71oPAol71oSiullo71oPATI7 1 0 S 
I I G I 'I, 7 I 

IF IUReEQoOI GO TO 7 
DO 'I K•I,NR 
RATltKI•ABSI RATEIKI/SEHATEtKII 
5ENAT[IKI•SuNftHAl(CKI,Qf) 
CONTINUE 
PRINT 'I 
PAINT 10, AATECIIeSER4T[IIl 
PHINT llo RATEI21o5EAaTEI21 
PRINT tZo liAtE131oSEIIATEI3IoPTOToSIGT0T 
PHINT 13, AATEI'11 1 SEAATEI .. I 
PAINT 14, R41ECSI 1 SERATEI!tl 
IF INR•SI 6 0 1> 1 !> 
PHINT it MAltii>I,SlRATEII>I 
RETURN 
PRJNT 2'1, PTOT 1 51GTOT 
RETURN 

fOM"AT ISXtiSHSMOOTHNESS oF6•2t2JoA•I 
FORHaT ISX,30HCUALITY RATINGS T 
fOR"AT 15Xoi~HL0U0~ES5 of6e2 0 2JoA6olt. ~ o'ISHAla~aaXXAXXAAlXAAA 

IXXlllAilliiiJIIlll.XIlllllll 
fO II IHT IS~,I !,H }\ SS . ( 'i5 

FOAHAT ISXoiSHPLEASENllloESS 
JCOHE,11 1 f6o2,'1X,A6 0 '1l 1 1Hll 

fUMHaT ISI,ISHCLEa~ITY 
FOR"AT 15Ao i SH II AlU~ALNE5S 

IIXXIXX XIIXAil llllll lll XJlJil 

1 Fb•2o2J,Ibo lbl 1 1Hl,'~3l 0 1Mll 
tfl>•lt2aoA6tii>XolHX 0 '11oiSMTOTAL DRT 5 

oFI>•Zozx,at.,lt.I,IHI,'Ill,t~XI 
,,,,z,zx.at.•I•••'~SHXaaaaaaxaaaaaaaa,a 

FORHaT IIHI,7lo8 .. HT TEST••A TEST FOR SICitrtFI(ANCE OF OlfFERE~CE~ b 
ll T~EEN DlaGNO!o TIC RHY"E TEST SCOAESet/~ltZ'IHEaPERI~ErrTAL CONDITION 
ZS:,JQI2loA'I)//l 

fOR"AT IIH0o'llo'IHATTAIBUT[,7lo7HPR[SENT,I2loi>HABSENT,I'Il 0 '1H81A~,IS 
llt'IHH[ANI 

fORHAT IIHO,'Ia,I2Hv OICi nG 
fO RH AT IIH,o'lloi2HNASAL! TY 
FCJ~HAT IIHO, .. a ,J2~< <,U 5l( Ul( (jr; 

FORI'IAT IIH0 o'Ut l2tt'; l !J ILATC ON 

•"'•"'''·2•2••••·s••• 
o'llo'llrt.7o21•At.oSXII 
0 '1l,~lrt.,l,21oAI>oS1ll 
,'ll,'l(fl>t2o2ltA6,~111 

FONHAT 1J h0 t 'l ao lZhGH A Vl~[55 ,~lt'~l<b,2 1 2Ao~6,!.al) 
FOI!HaT IIHO,'Ia,J2.,tO,..f'&( ffi (5 S ,'ll 0 '11 Fb ,2 0 21oA4,!.111 
FOUHAT IIH0 o~~. l 2h f lP[ R! " [N T&L 1 '~lo'IIF6,2,2JoAbt!.AII 
FOHMAT 1/// / , ~~ -,I ~~T b TAL ORT sCO~[,~X,F6o2o~J,A•I 

lNO 



I• 
2• 
3• ... 
!o• 
•• 
7e 
8• ,. 

so• 
I l e 
12• 
13• 
I"• 
~~· , .. 
17• 

••• ,,. 
20• 
21• 
22• 
23• 
2'h 

•• 
2• 
3• ... 
!>• 

•• 
1• 
8• 
9• 

tO• 
~ 1. 
12• 
13• , ... 
l!o• , .. 
11• ,a. 
19• 
20• 
21• 
22• 
23• 
2'1• 
2!>• 
26• 
27• 
28• 
29• 
JO• 
ll• 
32• 
33• 
3'1• 
l!o• 
l6• 
37• 
311• 
39• 
'10• 
'II• 
'12• 
'13• ..... 
'IS• .... 
'17• ..... 
'19• 
SO• 
!>I• 
!>2• 
S3• 
!t'h 

c 
c 
2 
3 .. 
!o 

'' 

ID 
II 

2 

20 
21 

3 

30 
ll 

Su,.Ho u T I t. t. PUN ( 01 

Jtlf(Gl '~ CIJ (ll 114 
(vP!"O r.l ALL.IC OOf I I !oC I o S[L I 2C11 ,IIIQ 1 r.L oil/., "V o .Jll [!>To tiL' L, NA !o(Oo( 

1 
.J~UI\I( ,. 

l,~~oJA.Lolcl~o.J SP~,IUP1101 1 I~AYI2001,~Al£1201 
(~MHON I~F I LA Lllll1 1 !T!>1 
C .J ~~O~ /S(?~E/ ~AP171 1 !>AP171,PAAC71 1 !oAAC71 1PA8171 1 5411C71 1 PATC7I,S.A 
ITIJI,P,I81,5Yi fi ,PTOT,ST~T,RaT£1lC11o5EkAllllUI,!o~OCIOo 2 0 '11o5PU~C 2tu.z,•o 
PU~CH ~, C0Dfi"I•~~. NL,III&,~y,NQ,LApL[CJ21,LAdl[llll 
Pu~CH 2o IPA@:J io.J•I,71,1PATII1ol•1,71 
Pur, (t< 3, ISA !> i·JioJ•I,71 0 1!>ATcllol•l,71 
PU~CH 3o ISAPt.Jio.J•I 0 71,15AAClloi•J,71 
PU~C H lo IRATllllol•loNRI,ISE~Al[IJI,J•loNRI,PTOT,STOT 
00 I l•lo9o2 
P U tl C H ~ o I I 5 P 0 I I o .J o IC I o S P 0 2 I I 0 .J , IC I o .J• I o 2 I • a. • 3 o"' I o I I 5 P 0 I J • 1 o J , I( I 

1 
51- 0 

1211•to JoiC ioJci,ZioiC•3 0 '11 
RETUR N 

f'OIIPIA T 
fOoHU T 
fORP4AT 
f OiU'IA T 
END 

17F6ol o7F"!>oll 
""'5.21 
161F"'it,lof5,211 
(A'Io512,2A61 

fUr.(TlO il 5U"l21"oNI 
CO""ON /ADD/ 5UPIIZ0o2o2o2o2o'l,KC1Dl 
OIP4EN5101l SHIZ0o2o2o2oZo21,~1l O I 
K l•K I I I 
IC2•1CI21 
Kl•ltlll 
K'l•ll.l'll 
K!t•iCI51 
K6•1t.C61 
DO 99 ll•loltl 
00 99 t2•1oK2 
00 99 i l•lolC3 
DO 99 t ,.•1 0 K'i 
DO 99 i'it•I,ICt; 
DO 99 tl>•l.a.o 
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APPENDIX II 

SPECIMEN DRT IV ANSWER BOOKLET 



0 

DRT IV-(1) 

BOB - GOB 

DAUNT - TAUNT 

KX>T - BOOT 

SHEET - CHEAT 

GAB - JAB 

TOT - POT 
BOAST - GHOST 

RIP - LIP 

SAID - ZED 

GNAW - DAW 

SHOES - CHOOSE 
KEEP - CHEEP 

DANK - BAN'K 

DOT - GOT 

ROAD - LOAD 

TINT - DINT 

DECK - NECK 

TONG - THONG 

CHEW - COO 

REED - WEED 

SAG - SHAG 

LOT - ROT 

FOAL - VOLE 

DIP - NIP 

7:i"ENCE - PENCE 

'iiiAW - SAW 

POOL - TOOL 

YIELD - WIELD 

LAP - RAP 

NAME ---------

COOT - TOOT 

POND - BOND 

BONE - MOAN 

BILL - VILL 
GUEST - JEST 

117 

FOUGHT - THOUGHT 

POOP - COOP 

LEAP - REAP 

FAST - VAST 

KNOCK - DOCK 

DOZE - THOSE 
SING - THING 

NET - MET 

CAUGHT - TAUGHT 

l.EWD - RUDE 

BEAN - PEEN 

MAD - BAD 

BOX - VOX 

JOE - GO 

DID - BID 

WREN - YEN 

LAW - RAW 

ZOO - SUE 

NEED - DEED 

THAN - DAN 

CHOP - COP 

FORE - TifOR 
FIT - HIT 

LEST - REST 

DATE -------

A 

0 



DRT IV-(1) 118 B 
PEST - TEST FAN - PAN 

FAULT - VAULT CHOCK - JOCK 

NEWS - DUES NOTE - DOTE 

VEE - BEE THICK - TICK 

THANK - SANK CHAIR - CARE 

WAD - ROD DONG - BONG 

SO - SHOW RUE - YOU 

RID - LID REEK- LEAK 

DENSE - TENSE GAFF - CALF 

BOSS - M>SS MOM- BOMB 

FOO - POOH DOUGH - THOUGH 

THEE - ZEE GILT - JILT 

FAD - THAD TENT - PENT 

FOP - HOP YAWL - WALL 

0 ROW - LOW ROOT - LOOT 0 
GIN - CHIN FEEL - VEAL 

BEND - MEND NAB - DAB 

SHAW - CHAW BON - VON 

GOOSE - JUICE THOLE - SOLE 

PEAK - TEAK THIN - FIN 

GAT - BAT KEG - PEG 

ROCK - LOCK WRONG - LONG 
COAT - GOAT TUNE - DUNE 

BIT - MIT BEAT - MEAT 
DEN - THEN CHAD - SHAD 

JAWS - GAUZE JOT - GOT 
M>ON - NOON BOWL - DOLE 

TEA - KEY GILL - DILL 

RAMP - LAMP REND - LEND 



DRT IV-(1) c 119 

GOB - BOB COOT -TOOT 

TAUNT - DAUNT POND - BOND 

K>OT - BOOT BONE - MOAN 

SHEET - CHEAT BILL - VILL 

GAB - JAB GUEST - JEST 

TOT - POT THOUGHT - FOUGHT 

BOAST - GHOST POOP COOP 

RIP - LIP REAP - LEAP 
SAID - ZED VAST - FAST 

DAW - GNAW KNOCK - DOCK 

SHOES - CHOOSE DOZE - THOSE 
KEEP - CHEEP SING - THING 

DANK - BANK NET - MET 
DOT - GOT CAUGHT - TAUGHT 

0 ROAD - LOAD LEWD - RUDE 0 
TINT - DINT PEEN - BEAN 
DECK - NECK MAD - BAD 

THONG - TONG BOX -vox 
CHEW - COO JOE - GO 
WEED - REED DID - BID 

SAG - SHAG WREN - YEN 

LOT - ROT LAW - RAW 
FOAL - VOlE SUE - ZOO 

DIP - NIP DEED - NEED 
FENCE - PENCE DAN - THAN 

SAW - THAW CHOP - COP 
POOL - TOOL FORE - THOR 

WIEU> - YIEU> FIT - HIT 
LAP - RAP REST - LEST 



DRT IV-(1) 

D 120 

TEST - PEST FAN - PAN 

VAULT - FAULT CHOCK - JOCK 

NEWS - DUES NOTE - DOTE 

VEE - BEE THICK - TICK 
THANK - SANK CHAIR - CARE 

WAD - ROD BONG - DONG 

SO - SHOW RUE - YOU 
RID - LID LEAK - REEK 

DENSE - TENSE CALF - GAFF 

K>SS - BOSS K>M - BOMB 
FOO - POOH DOUGH - THOUGH 

THEE - ZEE GILT - JILT 
FAD - THAD TENT - PENT 

FOP - HOP YAWL - WALL 

0 ROW - LOW ROOT - LOOT 0 
GIN - CHIN VEAL - FEEL 

BEND - MEND NAB - DAB 
CHAW - SHAW BON - VON 

GOOSE - JUICE THOLE - SOLE 
TEAK - PEAK THIN - FIN 

GAT - BAT KEG - PEG 
ROCK - LOCK WRONG - LONG 
COAT - GOAT DUNE - TUNE 

BIT - MIT MEAT - BEAT 
DEN - THEN SHAD - CHAD 

GAUZE - JAWS JOT -GOT 
K>ON - NOON BOWL - DOLE 

KEY - TEA GILL - DILL 
RAMP - LAMP LEND - REND 



DRT IV-(1) 

E 121 

GOB - BOB TOOT - COOT 

TAUNT - DAUNT BOND - POND 

MJOT - BOOT K>AN - BONE 

SHEET - CHEAT VILL - BILL 

JAB - GAB GUEST - JEST 

POT - TOT THOUGHT - FOUGHT 

BOAST - GHOST COOP - POOP 

RIP - LIP REAP - LEAP 

SAID - ZED VAST - FAST 

DAW - GNAW DOCK - KNOCK 
SHOES - CHOOSE DOZE - THOSE 

CHEEP - KEEP THING - SING 
BANK - DANK NET - MET 
GOT - DOT TAUGHT - CAUGHT 

0 LOAD - ROAD LEWD - RUDE 0 
DINT - TINT PEEN - BEAN 

DECK - NECK MAD - BAD 
THONG - TONG BOX - VOX 

CHEW - COO GO - JOE 
WEED - REED DID - BID 

SAG - SHAG WREN - YEN 
LOT -ROT LAW - RAW 

VOLE - FOAL SUE - ZOO 
NIP - DIP DEED - NEED 

FENCE - PENCE DAN - THAN 
SAW - THAW COP - CHOP 

POOL - TOOL FORE - THOR 
WIELD - YIELD FIT - HIT 

LAP - RAP REST - LEST 



DRT IV-(1) 

F 122 

TEST - PEST FAN - PAN 

VAULT - FAULT CHOCK - JOCK 

NEWS - DUES NOTE - DOTE 

VEE - BEE TICK - THICK 

THANK - SANK CHAIR - CARE 

WAD - ROD BONG - DONG 

SO - SHOW YOU - RUE 

RID - LID LEAK - REEK 

TENSE - DENSE CALF - GAFF 

K>SS - BOSS BOMB - K>M 

POOH - FOO DOUGH - THOUGH 

THEE - ZEE GILT - JILT 

FAD - THAD TENT - PENT 

FOP - HOP YAWL - WALL 

0 LOW - ROW LOOT - ROOT 0 
GIN - CHIN VEAL - FEEL 

MEND - BEND DAB - NAB 

CHAW - SHAW VON - BON 

GOOSE - JUICE SOLE - THOLE 

TEAK - PEAK FIN - THIN 

BAT - GAT KEG - PEG 

LOCK - ROCK LONG - WRONG 

GOAT - COAT DUNE - TUNE 

BIT - MIT MEAT - BEAT 

DEN - THEN SHAD - CHAD 

GAUZE - JAWS JOT - GOT 

NOON - K>ON DOLE - BOWL 

KEY - TEA DILL - GILL 

LAMP - RAMP LEND - REND 



DRT IV-(1) 

G 123 

BOB - GOB TOOT - COOT 

DAUNT - TAUNT BOND - POND 

KX>T - BOOT K>AN - BONE 

SHEET - CHEAT VILL - BILL 

JAB - GAB GUEST - JEST 

POT - TOT FOUGHT - THOUGHT 

BOAST - GHOST COOP - POOP 

RIP - LIP LEAP - REAP 

SAID - ZED FAST - VAST 

GNAW- DAW DOCK - KNOCK 

SHOES - CHOOSE DOZE - THOSE 

CHEEP - KEEP THING - SING 

BANK - DANK NET - MET 

GOT - DOT TAUGHT - CAUGHT 

0 LOAD - ROAD LEWD - RUDE 0 
DINT - TINT BEAN - PEEN 

DECK - NECK MAD - BAD 

TONG - THONG BOX - VOX 

CHEW - COO GO - JOE 

REED -WEED DID - BID 

SAG - SHAG WREN - YEN 

LOT - ROT LAW - RAW 

VOlE - FOAL ZOO - SUE 

NIP - DIP NEED - DEED 

FERCE - PERCE THAN - DAN 

THAW - SAW COP - CHOP 

POOL - TOOL FORE - THOR 

YIELD - WIELD FIT - HIT 

LAP - RAP LEST - REST 



DRT IV-(1) 

H 124 

PEST - TEST FAN - PAN 

FAULT - VAULT CHOCK - JOCK 

NEWS - DUES NOTE - DOTE 

VEE - BEE TICK - THICK 

THANK - SANK CHAIR - CARE 

WAD - ROD DONG - BONG 

SO - SHOW YOU - RUE 

RID - LID REEK - LEAK 

TENSE - DERSE GAFF - CALF 

BOSS - MlSS BOMB - K>M 

POOH - FOO DOUGH - THOUGH 

THEE - ZEE GILT - JILT 

FAD - THAD TENT - PENT 

FOP - HOP YAWL - WALL 

0 LOW - ROW LOOT - ROOT 0 
GIN - CHIM FEEL - VEAL 

MEND - BEND DAB - NAB 

SHAW - CHAW VON - BON 

GOOSE - JUICE SOU: - THOLE 

PEAK- TEAK FIM - THIN 

BAT -GAT KEG - PEG 

LOCK - ROCX LONG -WRONG 

GOAT - COAT TUNE - DUNE 

BIT - HIT BEAT - MEAT 

DEN - THEN CHAD - SHAD 

JAWS - GAUZE JOT -GOT 

NOOR - KXlR DOlE - BOWL 

TEA - KEY DILL - GILL 'I 

LAMP - RAMP REND - lEND l 



APPENDIX III 

SPECIMEN OUTPUT OF DRT IV 

COMPUTER SCORING PROGRAM 
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